CROSS 


TALK 


^  COLOR  . . .  Color  ads  appearing  in  national  maga¬ 
zines  depicting  the  wonders  of  television  have  a  lot 
of  us  drooling,  just  in  anticipation.  The  trouble  is 
that  many  people  are  going  to  experience  a  distinct 
shock  when  they  see  their  first  demonstration  and 
find  out  that  television  is  not  in  full  color — as  in  the 
ads — ^but  in  black  and  white.  Careful  reading  of  the 
ads  discloses  no  claim  or  promise  but  the  implication 
is  there  just  the  same.  Isn’t  it  just  possible  that 
this  color  advertising  will  create  sales  resistance 
for  the  dealers  and  make  more  difficult  their  problem 
of  transferring  the  products  of  the  manufacturers 
to  the  homes?  As  a  matter  of  cold  fact,  won’t  the 
mere  promise  of  color  delay  the  distribution  of  the 
black-and-white  receivers? 

►BD  ...  As  of  May  1,  this  year,  Beverly  Dudley 
leaves  his  post  as  Western  Editor  of  Electronics  and 
becomes  editor  of  The  Technology  Review,  alumni 
technical  journal  of  the  Massachusetts  Institute  of 
Technology.  “Dud”  had  been  on  the  editorial  staff  of 
Electronics  for  eight  years,  first  as  associate  editor, 
then  2i  years  as  managing  editor  and  since  October  of 
1944  he  has  been  in  Chicago,  where  he  was  actively  en¬ 
gaged  in  making  and  keeping  friends  for  his  paper 
when  the  opportunity  came  along  to  return  to  his  Alma 
Mater  as  a  member  of  its  administrative  staff. 

►FM  .  .  .  For  the  record.  Major  E.  H.  Armstrong 
wishes  it  known  that  he  was  wrongly  quoted  by  some 
of  the  newspapers  apd  others  at  the  time  of  the  FOG 
bearings  on  f-m.  It  was  stated' that  he  would  forego 
his  royalties  for  a  period  of  a  year  if  f-m  remained  in 
the  frequency  band  where  it  now  is.  Actually,  as  shown 
by  the  record  of  the  proceedings,  he  said  that  if  f-m 


went  up  to  the  80-100  megacycle  region,  he  felt  large- 
scale  use  of  f-m  would  be  delayed  for  a  year.  Under 
these  conditions  he  would  turn  over  his  royalties  to 
a  Board  to  use  as  seemed  fitting. 

Thus  the  newspaper  reports  were  exactly  opposite  to 
the  actual  offer. 

^SURPLUS  .  .  .  Among  the  vast  quantities  of  sur¬ 
plus  and  used  equipment  which  the  armed  forces 
will  ultimately  release  for  sale  will  be  much  elec¬ 
tronic  apparatus  which  could  be  useful  to  colleges. 
The  government  could,  in  slight  measure,  repay  many 
of  the  institutions  of  learning  for  their  war-time  aid 
by  making  it  easy  to  purchase  measuring  apparatus, 
typical  radio  and  radar  demonstration  units,  tubes 
and  all  sorts  of  electronic  stuff.  Financially,  colleges 
will  be  in  no  better  condition  after  the  war  than  they 
are  now,  and  much  of  the  equipment  they  need  for 
proper  instruction  of  the  on-coming  electronic  experts 
will  be  out  of  sight  economically  if  purchased  first¬ 
hand.  Disposing  of  the  used  or  surplus  material  in  this 
manner  should  annoy  few  manufacturers. 

To  prevent  misuse  of  the  purchase  at  low  prices,  ail 
this  educational  gear  could  be  so  labelled.  Sale  could 
be  restricted  to  those  institutions  which  have  con¬ 
tributed  through  ASTP,  V-12,  ROTC  or  in  other  ways. 

►  INDEX  .  .  .  One  of  the  greatest  service  problems 
of  the  Editorial  Department  is  to  answer  quickly  and 
accurately^the  question,  “When  did  you  publish  an 
article  on  such-and-such?”.  To  aid  us  in  our  end  of 
this  problem,  all  the  annual  indexes  since  1930  have 
been  offset  and  bound  into  a  sort  of  cumulative  index 
of  indexes.  Readers  who  could  use  a  copy  of  this  super 
index  can  obtain  it  by  writing  the  Editorial  Depart¬ 
ment  and  enclosing  seventy-five  cents. 


- IMPORTANT - 

"Paper  is  a  Number  One  war  material  shortage— because  over  700,000  different  war  Items  are  wrapped,  packaged, 
labelled,  tagged,  or  made  from  paper  or  container  board.  A  nd  the  Pacifie  war,  whan  it  speeds  up,  will  require  stupendous 
amounts  of  paper  and  board  since  double  and  triple  packing  are  required  for  protection  against  weather,  insects,  etc. 

"So  please — 

(1)  Shore  this  mogoziee  with  frieeds  sieee  preseet  demoed  eon  oot  be  satisfied  dee  to  the  paper 
shortage; 

f2)  When  this  magazine  has  served  its  pnrpese  pat  into  paper  salvage: 

(3)  And  Ieoh  ever  year  store  room  to  get  waste  paper  of  any  hind  to  pnt  into  paper  salvage^ 

'Then  you'll  be  doing  an  'extra'  to  aid  the  war  effort — and  to  speed  victory." 


Electronic  Applications 

IN  Industry 


A  year’s  work  among  796  manufacturing  and  service  plants  in  11  major  industries  deter¬ 
mines  the  type  and  number  of  electronic  devices  at  present  in  use.  More  light  is 
thrown  on  the  potential  market  by  indications  of  interest  among  non-users  and  suggested 
new  applications.  Highlights  of  a  192-page  report  are  given  here 


How  EXTENSIVE  is  the  present- 
day  use  of  electronic  equip¬ 
ment  by  industry?  What  is  the 
potential  market?  To  throw  more 
light  on  these  two  questions  the  Re¬ 
search  Department  of  the  McGraw- 
Hill  Publishing  Company  conducted 
a  survey  throughout  1944,  and  in 
early  1945  rendered  a  192-page  re¬ 
port*. 

The  report,  which  can  only  be 
highlighted  here,  does  not  profess 
to  be  a  complete  and  cannot  hope  to 
be  a  final  answer.  A  perfect  answer 
to  the  first  question  would  neces¬ 
sarily  involve  collection  of  data 
from  every  plant  in  every  industry, 
obvipusly  impractical  if  the  report 
was  to  be  completed  in  time  to  guide 
post-war  planners  and  particularly 
so  at  a  time  when  restrictions  still 
bar  researchers  from  some  factory 
corners.  And  the  answer  to  the 
second  question  will  constantly 
change  as  industry  becomes  more 
and  more  familiar  with  what  elec¬ 
tronic  equipment  can  do. 

In  spite  of  these  qualifications, 
which  suggest  that  facts  presented 
in  the  report  do  not  in  every  case 
ideally  lend  themselves  to  projec¬ 
tion  and  certainly  should  not  be  em¬ 
ployed  in  this  manner  without  care¬ 
ful  consideration  of  all  the  factors 
involved,  it  is  felt  that  the  study 
represents  the  best  work  on  the 
subject  to  date.  Some  illuminating 
general  conclusions  can  be  safely 


*  “Electronic  Applications  in  Industry’’ 
(|2.50),  Research  Department,  McGraw-Hill 
Publlstainc  Company,  Inc.,  380  West  42nd 
St..  New  York  18,  N.  Y. 


drawn  from  it.  For  example: 

While  the  present  industrial 
users  of  electronic  equipment  are 
less  numerous  than  the  man  in  the 
street  supposes,  they  are  more  nu¬ 
merous  than  many  hard-boiled  en¬ 
gineers  within  the  electronic  indus¬ 
try  itself  suspect.  The  number  of 
duplicate  units  of  electronic  equip¬ 
ment  found  in  factories  employing 
such  gear  is  greater  than  many 
surmise.  While  certain  specific  in¬ 
dustries  are  larger  users  of  elec¬ 
tronic  apparatus  than  others  at  the 
moment,  interest  expressed  by  non¬ 
users  indicates  that  the  potential 
market  still  spreads  pretty  much 
right  across  the  board.  Many  in¬ 
dustries  with  jobs  to  do  that  can 
best  be  done  by  means  of  electronic 
equipment  are  not  aware  of  the 
fact  that  similar  jobs  are  already 
being  done  with  such  gear,  despite 
the  publicity  which  the  art  has  en¬ 
joyed  since  the  outbreak  of  the  war. 

How  tho  Sorvoy  Was  Coadaetod 

The  survey  was  conducted  among 
796  readers  of  the  following  maga¬ 
zines  : 

American  Machinist 
Aviation 
Business  Week 

Chemical  &  Metallurgical  Engi¬ 
neering 
Coal  Age 

Electrical  Contracting 
Electrical  World 
Eubctbonics 

Engineering  &  Mining  Journal 
Engineering  News-Record 


Factory  Management  &  Mainte¬ 
nance 

Food  Industries 
Power 

Textile  World 

It  was  felt  that  the  fields  served 
by  these  Company  publications  rep¬ 
resented  a  good  if  not  a  complete 
cross-section  of  industry.  No  at¬ 
tempt  was  made  to  weight  replies 
in  accordance  with  the  total  num¬ 
ber  of  firms  engaged  in  specific  in¬ 
dustries,  as  projection  of  figures 
was  not  contemplated.  Nor  was 
there  any  attempt  to  concentrate 
contacts  among  men  holding  spe¬ 
cific  jobs.  Those  furnishing  data 
included  management,  engineering, 
production,  maintenance  and  even 
sales  personnel. 

During  the  course  of  the  survey 
it  became  evident  that  data  was 
more  readily  obtainable  from  the 
larger  companies,  and  the  final  re¬ 
port  reflects  this.  It  should  be  kept 
in  mind  when  the  report  itself,  or 
the  figures  extracted  therefrom  and 
presented  in  these  columns,  are 
scanned. 

Tabalatiea  of  Rasalts 

The  tabulation  of  results  pre¬ 
sented  here,  containing  a  mere  frac¬ 
tion  of  the  data  contained  in  the 
report,  presents  highlights  consid¬ 
ered  of  particular  interest  to  read¬ 
ers  of  Electronics.  To  facilitate 
study  the  following  information 
relative  to  the  tabulation  is  given: 

The  first  column  (Function  or 
Device)  is  broken  down  into  eight 
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MMA 


Function  or  Dovico 


Ccnicr  Current . 

Combustion . 

EIccIrostelic  PrccipiUtion 
Filament  Caiburixation..( 

Illumination . 

Induction  Heating . 


Electric  Load 


Application  of  Coatings 


Remote . 

Switching . 

Synchronization . 

Temperature . 

Timing  (exc.  welding) 


welding  (liming) 

Relaying . 

Humidity . 


Moisture . 

Elevator  Levelling 
Germ,  Insect . 


Pressure . . 
Frequency 


Counting,  Sorting, 
Weighing 

Inspection  (or  Missing 


Counting . 

Flaw  Detection . 

Sorting  and  Grading 
Insulation  Testing... 
Metal  Detection.... 
Surface  Analyzing.. 

Weighing . 

X-Ray  Inspection. . . 


Fenous  and  Non-Ferrous 


Ferrous  Metals . 

Non-Ferrous  Metals. . . 
Food  Sterilization,  Dehy 


Gluing,  Drying  Wood 


Sheet  Materials. . . 
Textiles  and  Paper 


Balancing  Machines 
Capacitance . 


Conductivity  of  Solutions 

Eiechic  Current . 

Curve  Tracing . 

Dwity,  Capacity . 

Dielectric  Properties. . . . 


Present  Users 


Elec.  Util.  (98) 
MeUi  Work.  (  6) 
MeUl  Work.  (95) 
Metal  Work.  (  3) 
145  Elec.  Util.  (19) 
94  Metal  Work.  (  9) 
997  Chem.  Proc.  (1 8) 
55  Elec.  Util.  (  8) 
91  Metal  Work.  (1 3) 
83  Chem.  Proc.  (  8) 
Metol  Work.  (31) 
Mise.  Mfg.  (  1) 
Food  (  6) 

Elec.  Util.  (  5) 
MeUi  Work.  (  8) 
Elec.  Util.  (  8) 
Metal  Work.  (68) 
MeUi  Work.  (30) 
MeUi  Work.(  1) 
MetalWork.(1 00) 
Metal  Work.  (  7) 
Misc.  Mfg.  (  1) 
Chem.  Proc.  (1  3) 
iChem.  Proc.  (  4) 


Chem.  Proc.  (  3) 


U**  Detection  and 


Gtodetic,  Geophysical 


Potential  Users 


Greatest 

Interest 


99  Elec.  Util.  (96) 
98  Chem.  Proc.  (11) 
51  Chem.  Proc.  (14) 

14MeUl  Work.(  6) 

5  Metel  Work.  (  5) 
31  Chem.  Proc.  (16) 

9  Elec.  Util.  (  5) 
97  MeUi  Work.  (11) 
17  MeUi  Work.(  7) 
61  MeUi  Work.  (99) 

4  Metal  Work.  (  3) 
11  Misc.  Mfg.  (  6) 
17  Elec.  Util.  (8) 

8  Elec.  Util.  (  3) 
10  Elec.  Util.  (  7) 
65  Chem.  Proc.  (90) 
1 3  MeUi  Work.  (  4) 

4  -  — 

39  Metal  Work.  (94) 
19  Elec.  Util.  (11) 
1 3  Text.  (  5) 

1 3  Chem.  Proc.  (  8} 

5  Text.  (  9) 

3  - 

7  Food  (  3) 

8  Chem.  Proc.  (  4) 

5  Chem.  Proc.  (  9) 

4  Elec.  Util.  (  4) 
1 3  Chem.  Proc.  (  5) 

5  Const.  (  9) 


14  Metal  Work.  (  7) 
53  Metal  Work.  (18) 
49  Metel  Work.  (94) 
41  Metal  Work.  (  9) 
19  Elec.  Util.  (  8) 
1 4  Misc.  Mfg.  (  3) 
9  Metel  Work.  (  7) 
35  Food  (15) 

18  Metel  Work.  (19) 


95  Metel  Work.  (16) 
59  Metel  Work.  (38) 
95  Metel  Work.  (19) 


97  Misc.  Mfg.  (10) 
1 4  Metel  Work.  (  8) 

4  Chem.  Proc.  (  9) 

1 1  Chem.  Proc.  (  5) 
16  Text.  (  6) 

5  Chem.  Proc.  (  9) 


5  Metel  Work.  (  3) 

91  Chem.  Proc.  (  7) 

3  Chem.  Proc.  (  9) 

4  Metel  Work.  (  3) 
1 3  Metel  Work.  (  5) 
11  Chem.  Proc.  (  7) 

5  Elec.  Util.  (  9) 

5  Elec.  Util.  (  9) 
4  Metel  Work.  (  3) 

99  Chem.  Proc.  (10) 

6  Mining  (  3) 


Function  or  Device 


Impedance  and  Re¬ 
actance . 

Light  Intensity . 

Humidity . 

Noise . 

pH . 

Pressure . 

Reflection . 

Resistance . 

%>eed . 

Smoke  Detection,  Re¬ 
cording . 

Sound  Level . 

Strain . 

Telemetering . 

Thickness,  Distance . 

Time . 

Titration . 

Turbidity . 

Vacuum  and  Ionization 

Gages . 

Tube  Testing . 

Voltage . 

Wave  Form . 

Electron  Microscope. . . . 

Level . 

Moisture . 

Flow . 

Weight  Measurement.  . . 
Temp.  Indication  and  Re¬ 
cording . 

Misc.  Testing  Equip . 

High-Speed  Photography 

Hardness . 

Chemical . 

Vibration . 

Meter  Testing . 

Quartz  Crystal . 

Amplifiers . 

Oscillators . 

Oscillographs . 

Molecular  Vibration 

Chemical  Processing .... 
Germ  and  Insect  Killing . 
Supersonic  Detection .  . . 


Power  Conversion 

Frequency  Conversion.  . 

Inversion . 

Electro-Plating  and  Pro¬ 
cessing  . 

Rectification . 


96  Metal  Work.  (18) 
64  Metel  Work.  (  7) 


99  63  Metel  Work.  (99) 

86  903  Chem.  Proc.  (39) 

7  9  Metel  Work.  (  4) 

5  11  Chem.  Proc.  (  4) 

95  107  Metel  Work.  (15) 

63  151  Metal  Work.  (41) 


44  Metel  Work.  (  6) 
63  Metal  Work.  (16) 
74  Metal  Work.  (1 3) 
193  Elec.  Util.  (95) 
19  Metel  Work.  (  6) 
70  Metel  Work.(  9) 
99  Chem.  Proc.  (14) 
11  Chem.  Proc.  (  4) 

986  Metel  Work.  (  7) 
49  Metel  Work.  (13) 
407  Metel  Work.  (51) 
199  Metel  Work.  (99) 
11  Metal  Work.(  5) 
1 9  Chem.  Proc.  (  3) 
59  Food  (  7) 


18  53  Metel  Work.  (19) 

99  959  Metel  Work.  (11) 

95  90  Metel  Work.  (11) 

14  Metel  Work.  (  4) 
8  Metel  Work.(  1) 
51  Chem.  Proc.  (16) 
50  Metel  Work.  (18) 
38  Elec.  Util.  (13) 
965  Metal  Work.  (  5) 
15  341  Metel  Work.  (10) 

51  577  Metel  Work.  (41) 

79  319  Metel  Work.  (48) 


Regtilatien  ~ 

Generator  Voltage . 

Skew . 

Speed  Regulation . 

Slack  Regulation . 

Voltage,  Current,  Phase . 
Process  Regulation . 


Combustion . 

Fire  and  Smoke . 

Liquid  Overflow . 

Intrusion . 

Lighting . 

Machinery  Stopping. . . . 
Over  and  Under  Voltage 

Alarms . 

Fume  Detection . 

Traffic . 

Misc.  Alarm . 


Food  (  9) 

Metel  Work.  (  9) 
Food  (  4) 

Metel  Work.  (  5) 

Const.  (  9) 
Metel  Work.  (  7) 

Chem,  Proc.  (  9) 
Const.  (  6) 
1  Metel  Work.(  1) 
94  Elec.  Util.  (15) 
19  Metel  Work.  (10) 
Misc.  Mfg.  (  1) 
Metel  Work.  (  3) 


Metel 
Metel 
Metel 

Chem. 
Chem. 
Food 
1 1 1Chem. 
95  Metel 


Work.(  1) 
Worh.(  3) 
Work.(  9) 
.  Proc.  (  9) 
,  Proc.  (  4) 
(  S) 
.  Proc.  (  4) 
Work.  (19) 

Work.  (  6) 


Metel  Work.  (  5) 
Chem.  Proc.  (  8) 
Metel  Work.  (  4) 
Elec.  Util.  (  3) 
Metel  Work.  (  9) 
Metel  Work.(  1) 
Metel  Work.(  1) 
Metel  Work.(  i) 


Chem.  Proc.  (10) 
Food  (10) 

Metel  Work.  (  7) 


Metel  Work.  (  5) 


Metel  Work.  (  5) 
46|Metel  Work.  (10) 


Elec.  Util.  (96) 
Chem.  Proc.  (  3) 
Metel  Work.  (  8) 
Metel  Work.  (  4) 
Elec  Util.  (  4) 
Chem.  Proc  (13) 


Metel  Work.  (30) 
Metel  Work.  (  9) 
Chem.  Proc.  (  4) 
Elec.  Util.  (13) 
Chem.  Proc.  (  9) 
Metel  Work.  (16) 

Metel  Work.  (  5) 
Chem.  Proc  (  9) 
Const.  (  3 


major  divisions.  To  experienced 
electronic  engineers  some  ];>os8ible 
duplication  between  the  sub-divi¬ 
sions  beneath  them  will  be  appar¬ 
ent.  It  will  be  noted,  for  example, 
that  the  word  “combustion**  ap¬ 
pears  under  “CTontrol**  and  also  un¬ 
der  “Safety.**  Inasmuch  as  the  data 
was  largely  obtained  from  men 
without  specialized  electronic 
knowledge  it  was  necessary  to  tol¬ 
erate  such  duplication. 

The  second  column  {Number  of 
Companies),  used  intelligently, 
provides  some  measure  of  the  rela¬ 
tive  importance  of  various  types  of 
electronic  apparatus  in  industry  at 
the  present  time.  It  will  be  seen, 
for  instance,  that  users  of  tubes  for 
rectification,  under  “Power  Conver¬ 
sion**,  are,  as  might  be  expected,  in 
the  majority.  On  the  other  hand, 
the  fact  that  users  of  tubes  for  tem¬ 
perature  control  are  neck  and  neck 
numerically  with  those  owning 
welding  controls  might  come  as 
something  of  a  surprise.  In  this 
eolunm,  as  in  all  other  columns,  the 
inclusion  of  percentages  is  deliber¬ 
ately  avoided  to  discourage  projec¬ 
tion  at  least  until  the  more  volum¬ 
inous  report  from  which  the  figures 
are  taken  is  thoroughly  digested  by 
the  reader. 

The  third  column  {Number  of 
Devices)  provides  a  further  meas¬ 
ure  of  the  relative  importance  of 
various  electronic  devices  in  indus¬ 
try,  since  the  number  of  duplicate 
units  in  a  plant  as  well  as  the  suit¬ 
ability  of  a  specific  device  for  indus¬ 
trial  use  determines  the  potential 
market  and,  particularly,  its  **pack- 
aged**  item  possibilities.  Note  that 
rectifiers,  temperature  and  welding 
controls  are  not  only  used  in  many 
plants  but  that  they  are  purchased 
in  considerable  volume  by  these 
plants. 

The  fourth  column  {Chief  User) 
is  a  useful  key  to  the  probable  po¬ 
tential  market.  For  purposes  of 
compression  here  it  has  been  neces¬ 
sary  to  show  only  the  largest  pres¬ 
ent  user  of  each  electronic  device 
although  in  several  instances  other 
users  were  nearly  on  a  par  with 
theoL  It  is  desirable  when  at¬ 
tempting  to  evaluate  the  data  in 
this  column  in  terms  of  post-war 
potential  that  it  be  considered  in 
conjunction  with  the  data  included 
in  eolunm  six.  It  is  also  necessary 
to  know  that  the  industry  classifi¬ 


cations  employed  in  this  abstract 
are  very  broad  indeed.  The  “Metal 
Working**  industry  classification, 
for  example,  embraces  manufac¬ 
turers  of: 

Iron  and  Steel  Accessory 
Products 

Non-Ferrous  Accessory 
Products 

Machinery  (except  Electrical) 

Electrical  Machinery  and 
Equipment 

Transportation  Equipment 
(except  Automobiles 
and  Aircraft) 

Automobiles  and  Automobile 
Equipment 
Aircraft  and  Parts 

Ordnance  and  Accessories 
(except  Explosives) 

So  far  we  have  dealt  with  data 
supplied  by  industries  already 
using  specific  electronic  equipment, 
under  “Present  Users.**  Now  let’s 
move  over  into  the  columns  for 
which  data  was  supplied  by  “Po¬ 
tential  Users,**  people  who  may  now 
use  electronic  equipment  of  some 
kind  but  lack  it  entirely  for  the 
specific  uses  under  consideration. 

Column  five  (Number  of  Comr 
panics)  must  obviously  be  studied 
in  conjunction  with  colunms  two 
and  three  in  order  to  speculate  con¬ 
cerning  the  potential  market.  Simi¬ 
larly,  column  six  (Greatest  In¬ 
terest)  should  be  considered  in 
conjunction  with  column  five,  and 
probably  also  in  conjunction  with 
columns  two,three  and  four.  Steady 
growth  along  lines  already  indi¬ 
cated  by  sale  of  equipment  to  pre¬ 
sent  users  appears  to  be  a  reason¬ 
able  conclusion,  Some  shifts  of  in¬ 
terest  will  be  noted  but,  in  line  with 
our  introductory  admonition  rela¬ 
tive  to  projections,  conclusions  rela¬ 
tive  to  these  must  be  left  to  the 
reader. 


Pefeatlal  Applieatioat 

Not  the  least  interesting  and  in¬ 
structive  portion  of  the  report  are 
the  many  pages  devoted  to  com¬ 
ment  from  men  in  industry  who 
have  unsolved  problems  and  wonder 
if  electronic  equipment  could  solve 
them.  While  it  is  true  that  some  of 
these  problems  might  best  be  solved 
by  other  than  electronic  means,  and 
while  it  is  also  true  that  some  of 
them  have  already  been  solved  by 
means  of  electronics,  a  few  extracts 


should  prove  generally  stimulating.  | 
Typical  remarks  follow: 

Metal  Producing,  “Photoelectric 
cells  could  be  used  to  limit  travel 
of  furnace  doors  where  high  tem¬ 
peratures  cause  failures  in  existing 
limit  switches,  or  could  be  used  to 
open  building  doors  for  towmotors, 
or  could  be  used  to  sound  an  alarm 
for  pedestrians  as  crane  hook  is 
lowered  down  through  hatchway.” 

“We  should  have  some  sort  of 
temperature  control  and  flame  fail¬ 
ure  alarm  in  soaking  pits  and  re¬ 
heating  furnaces.** 

“Our  roll  grinding  machines,  al¬ 
though  of  the  latest  design,  could 
be  greatly  improved  by  supplying 
electronic  control  on  the  grinding 
wheel  drive  motor  to  maintain  con¬ 
stant  peripheral  speed  on  the  grind¬ 
ing  surface  of  the  wheel  under 
varying  feed  of  work  and  decreas¬ 
ing  wheel  diameter  due  to  wear.” 

Metal  Working,  “In  undercutting 
commutators  on  small  motors,  it  is 
impossible  to  use  an  indexing  ar¬ 
rangement  to  turn  the  commutator 
from  mica  to  mica  due  to  slight 
variations  in  the  thickness  of  the 
mica  and  the  copper,  making  the 
bar  spacing  non-uniform.  We  are 
working  on  an  arrangement  using 
the  electric  eye  to  position  the  mica 
by  contrast  of  color  between  the 
copper  and  the  mica.** 

“The  many  hundreds  of  individu¬ 
ally  motor-driven  lens  polishing 
machines  which  we  use  have  very 
crude  mechanisms  for  speed  con¬ 
trol.  These  might  well  be  modern¬ 
ized  by  electronic  motor  speed  con¬ 
trol.  A  programming  control  on 
speed  as  the  lenses  are  polished 
might  be  extremely  valuable  and 
greatly  improve  production.” 

“We  need  an  electronic  device  to 
ring  an  alarm  in  case  of  a  leak  in 
our  air  conditioning  system.  Freon 
(refrigerant  agent)  is  quite  ex¬ 
pensive  and  very  hard  to  get  It 
has  the  property  of  turning  the 
color  of  certain  gases  or  chemicals. 
By  having  a  photoelectric  cell 
sensible  to  a  certain  degree,  to  the 
change  of  color  of  a  chemical  placed 
near  the  refrigerating  coils,  a  leak 
could  be  easily  detected,  and  an 
alarm  given,  or  the  cell  would  break 
the  current  to  the  compressors  by 
means  of  relay.  This  device  would 
save  a  large  amount  of  money  to 
industries  using  air  conditioning.’ 

Chemical  Processing,  “How  about 


94 


Moy  1945  — ELECTRONICS 


gas  analysis  in  the  determination 
of  the  amount  of  isobutane  in  a 
mixture?  Present  method  uses  the 
infra-red  spectrometer.” 

“Liquid  level  control  of  pressure 
vessels  presents  a  problem  when  or¬ 
dinary  methods  such  as  rotary 
stem  packing  glands  and  flexible 
discs  are  used.  More  development 
along  the  lines  of  a  capacitive  and 
inductive  pickup  type  controller 
using  a  vacuum  tube  amplifler 
would  eliminate  hysteresis  and 
sticking  encountered  in  the  me¬ 
chanical  type  of  controller.” 

“We  have  an  operation  involving 
the  dipping  of  rubber-impregnated 
fabric  into  a  solution  containing  an 
inflammable  solvent.  It  is  a  con¬ 
tinuous  process,  and  static  on  the 
stock  ignites  the  solution  if  the 
static  eliminator  fails.  A  collector 
connected  to  the  sensitive  grid  of 
a  tube  should  shut  the  machine 
down  if  static  starts  to  accumu¬ 
late.” 

Food  Processing.  “We  need  an 
electronic  device  to  inspect  our  bev¬ 
erage  bottles  before  filling  and 
again  after  they  are  filled  and 
capped.  After  the  bottles  are  filled 
they  are  cased  up  manually  and 
then  pulled  out  of  the  case  four  at 
a  time  and  inspected  over  a  light 
We  need  some  sort  of  electric  eye 
on  the  final  inspection.  Frequently 
when  the  operator  is  fatigued  she 
or  he  will  pass  a  dirty  bottle  after 
it  is  filled.  We  hope  something  elec¬ 
tronic  will  protect  us  on  this.” 

“Electronic  measurement  of  de¬ 
hydrator  humidity  levels  to  take 
the  place  of  wet  bulbs  or  hair  hy¬ 
grometers  at  dry  bulb  tempera¬ 
tures  of  above  200  deg  F,  where 
both  the  latter  are  inaccurate, 
would  be  useful.” 

“In  a  continuous  vacuum  pan 
operation  on  evaporated  milk,  we 
believe  that  if  you  had  an  elec¬ 
tronic  device  that  would  measure 
the  density  of  the  milk  and  regu¬ 
late  the  discharge  pump  and  the 
milk  intake  that  you  would  do  the 
industry  a  great  service.  The  opera¬ 
tion  at  present  is  manual  and  most 
pan  operators  over-condense  with 
a  resulting  waste  of  time  and 
power.  A  device  which  would  reg¬ 
ister  the  change  in  concentration 
of  the  milk  in  the  pan  that  would 
be  visible  to  the  operator  at  all 
times  is  needed.” 

Textile  Mills.  “Warping,  slash¬ 


ing,  and  weaving  require  careful 
regulation  of  slack  yam  ends,  so 
that  a  quality  fabric  will  result 
from  these  operations.  Proper  ten¬ 
sion  throughout  the  various  pro¬ 
cesses  is  one  of  the  most  important 
regulations  confronting  us.” 

“There  are  numerous  points  in 
the  processing  of  cotton  textiles  at 
which  package  counters  could  be 
used,  and  we  believe  that  a  survey 
should  be  made  of  a  large  textile 
plant  to  ascertain  the  points  at 
which  such  a.  device  would  be 
practical.” 

“An  electronic  device  which 
would  indicate  breakage  'of  warp 
or  filling  thread  is  needed  for  loom 
protection.  Such  a  device  would 
eliminate  a  considerable  amount  of 
mechanical  motions.  Also  a  device 
which  would  indicate  an  empty 
bobbin.” 

Public  Utilities.  “Use  of  voltage 
amplifier  and  thyratron  trigger  tube 
combination  to  replace  electrome¬ 
chanical  relaying  schemes  at  pres¬ 
ent  used  on  all  power  lines  seems 
desirable.  The  idea  is  to  stand¬ 
ardize  the  unit  and  vary  applica¬ 
tions  by  variations  in  input  net¬ 
works  and  accessories,  thus  adapt¬ 
ing  to  operation  by  voltage,  current, 
frequency,  power  factor,  etc.,  and 
assuring  faster  operation  than  af¬ 
forded  by  conventional  type  relays, 
without  the  necessity  of  using  car¬ 
rier  frequencies.” 

“Quicker  and  more  accurate 
means  of  cable  fault  locating  are 
needed  and  it  is  felt  that  there  is 
a  wide  field  of  application  for  elec¬ 
tronic  cable  fault  locating  equip¬ 
ment.” 

“We  have  a  boiler  that  has  an 
induced  draft  fan  and  a  short 
smokestack.  This  fan  is  driven  by 
a  2300-volt  motor  connected  to  fan 
by  a  hydraulic  coupling.  In  the 
event  of  electric  power  interrup¬ 
tion  this  fan  stops  and  if  the  nat¬ 
ural  gas  fuel  is  not  cut  off  immedi¬ 
ately,  there  is  danger  of  improper 
combustion  mixture  with  a  result¬ 
ing  explosion.  This  is  a  1000-hp 
boiler.” 

Coal  Mining.  “Control  and  sig¬ 
nal  for  mine  ventilating  fans  is 
needed.  Where  the  air  must  not 
stop,  someone  should  know  at  once 
if  control  of  fan  fails,  or  cave-in 
blocks  the  air’s  natural  flow.” 

“Detection  of  i)oisonous  methane 
and  carbon  monoxide  gases  in  coal 


mines  is  not  yet  being  well  handled.” 

Other  Mines.  “Using  hand  labor 
at  the  present  to  make  rip-rap. 
Sizes  25  to  150  lb,  minimum  of 
four  inches  thick  in  one  dimension. 
Material  weighs  165  lb  per  cubic 
foot  and  can  be  any  shape  or  size 
between  the  weights  and  dimen¬ 
sions  given.  We  would  like  to  sort 
these  sizes  from  material  loaded 
from  quarry  face.  Material  will  run 
from  fines  to  four  or  five  hundred 
pound  rock.” 

“Detection  of  tramp  iron  and 
steel  on  ore  belts.” 

“Generator  voltage  regulation 
and  excitation.  Three  widely  scat¬ 
tered  hydro-electric  plants  are  op¬ 
erated  in  connection  with  mining 
operation.  Power  regulation  is  a 
problem,  particularly  in  starting  up 
large  power  consuming  equipment.” 

Construction.  “Analysis  of  soils, 
aggregates,  asphalts  and  wetting 
agents  to  determine  their  electro¬ 
chemical  properties.  Whether  mole¬ 
cules  are  positively  or  negatively 
charged.  This  will  enable  us  to 
make  a  more  homogeneous  and  com¬ 
patible  mixture  of  the  materials 
for  road  pavements.  We  are  in  a 
research  program  at  this  time  in¬ 
volving  this  problem  and  are  in 
dire  need  of  a  method  of  determin¬ 
ing  the  properties  of  these  and 
other  materials  such  as  paint,  steel, 
cement,  etc.” 

“Chlorine  residual  determina¬ 
tions  in  municipal  water  supplies, 
including. control  at  plant  and  port¬ 
able  instrument  for  accurate  de¬ 
terminations  at  various  points  in 
the  field,  are  needed.” 

“An  electronic  device  to  measure 
humidity  is  badly  needed.  Evapo¬ 
ration  from  large  reservoirs,  espe¬ 
cially  in  the  arid  West,  will  become 
a  more  important  factor  in  opera¬ 
tion  than  it  now  is.  A  device  that 
will  permit  evaluation  of  evapora¬ 
tion  from  water  surfaces,  from 
snow  surfaces  and,  for  that  matter, 
from  land  surfaces  undergoing  ap¬ 
plication  of  water,  is  greatly 
needed.  If  possible,  it  should  be  so 
arranged  as  to  measure  water  con¬ 
tent  of  the  air  specifically  or  af¬ 
ford  a  comparison  from,  or  with, 
unaffected  surfaces  nearby.” 

For  further  details  relative  to 
the  gear  in  use  and  wanted  by  the 
796  companies  encompassed  in  the 
survey  the  reader  is  referred  to 
the  report. — W.  Mac  D, 
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Motorola  and  Mallory  equlpmont  butoUod  at  tho  boM  of  a 
lighting  towor  In  a  yord,  comprising  a  fixod  radio  station 


Freight  onginoor  using  a  radiophone  in  the  cob  of  a  diesel 
locomotiTe 


A  typieol  fixed  installotion  in  a  yard, 
showing  ontennos  at  the  top  of  a  lighting 
tower  and  the  compartment  containing 
transmitter  and  receiver  at  the  base 
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ROCK  ISLAND  RAILROAD 

Radio  Tests 


Communications  problems  peculiar  to  railroading,  such  as  the  necessity  for  equipment 
design  capable  of  withstanding  unusual  vibration  and  shock  and  capable  of  operating 
from  a  variety  of  power  supplies,  are  analyzed  on  the  basis  of  seven  years  of  experi¬ 
ment.  Signal-to-noise  ratios  on  40, 118, 150  and  between  2000  and  3000  Me  are  charted 


The  raVELOPMENT  of  railroad 
radio  has  progressed  rapidly 
in  the  last  year.  Many  articles  have 
been  published  on  the  utilization  of 
radio  by  railroads,  but  little  has 
been  published  on  recent  technical 
advances  in  the  art.  It  is  the  pur¬ 
pose  of  this  article  to  record  the  re¬ 
search  and  operating  experience  of 
one  railroad  in  developing  its  own 
radio  system  of  communications. 

In  the  near  future,  radio  seems 
destined  to  play  an  important  part 
in  the  progress  of  American  rail¬ 
roads.  Although  intensive  research 
for  the  development  of  radio  facil¬ 
ities  has  been  under  way  for  only  a 
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short  period  of  time,  important 
possibilities  have  already  been  un¬ 
covered.  For  example,  radio  makes 
possible  two-way  communication 
between:  (1)  both  ends  of  a  train, 
(2)  yards  and  trains,  engines,  or 
cabooses,  (3)  different  yards  and 
stations,  (4)  wayside  stations  and 
trains,  engines  and  cabooses,  (6) 
different  trains,  en  route  or  in 
yards  and  stations,  and  (6)  brake- 
man  and  flagmen. 


While  radio  will  merely  provide 
supplementary  communication  fa¬ 
cilities  in  some  of  these  cases,  it 
serves  to  increase  safety,  to  speed 
freight  and  passenger  traffle,  and 
to  provide  effective  communication 
in  the  event  of  storms,  floods  or 
other  emergencies.  In  other  cases, 
particularly  when  trains  are  in 
motion,  radio  provides  the  only 
form  of  communication  which  is 
feasible.  The  need  for  railroad 
radio  communication  has  greatly 
increased  with  extensive  war-time 
use  of  100  and  150-car  trains. 

VibratloR  Meuats  oad  Pewar  Sapplit* 

Considering  the  rapid  advances 
which  have  been  made  in  mobile 
radio  communication  systems 
within  the  past  decade,  it  might  be 
presumed  that  commercially  avail¬ 
able  equipment  built  for  other  pur¬ 
poses  could  be  applied  directly  to 
railroad  use.  Such  a  procedure  has 
not  been  found  to  be  entirely  feas¬ 
ible,  however,  because  of  a  number 
of  unusual  requirements.  The  prob¬ 
lems  of  shock  and  vibration,  of 
appropriate  power  supply,  and  of 
determining  suitable  operating  fre¬ 
quencies  and  methods  of  modula¬ 
tion  must  all  be  considered  in  de¬ 
veloping  a  satisfactory  system  of 
communication  for  railroad  use. 

In  actual  railroad  service,  all  units 
must  be  capable  of  withstanding 
terrific  shocks.  Measurements  made 
on  a  caboose  of  the  Rock  Island 
Railroad  showed  that  a  deceleration 


FIG.  1 — CnrTM  thowing  ■ignal-to-noiM  rottos  on  throe  different  teit  frequencies, 
recorded  os  a  tredn  carrying  the  Rock  Island  Railroad's  radio  test  caboose 
rolled  oway  from  the  yard  at  Blue  Island.  Illinois.  Transmitter  power  employed 
wos  10  watts  output  in  oil  three  cases 
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Me.  In  each  case  a  quarter-wave 
antenna  was  used.  In  these  meas¬ 
urements  only  carrier  radiation 
strength  was  measured  at  a  given 
distance  and  used  as  a  basis  for 
comparison. 

Experimental  Signal-te-Noise 
Investigations 

A  mobile  field  laboratory  was  set 
up  for  making  all  signal  strength 
measurements  for  yard  operation 
and  front-to-reaf  service,  for  check¬ 
ing  apparatus,  for  measuring 
shock,  and  for  developing  appropri¬ 
ate  power  supplies.  This  unit  con¬ 
sisted  of  an  all-steel  caboose, 
equipped  with  a  gasoline  power 
supply.  A  gasoline-driven  1000- 
volt  a-c  generator  was  mounted  on 
the  roof,  and  a  battery-operated 
charging  generator  was  installed. 
The  communication  equipment  was 
operated  from  the  battery  supply, 
while  all  test  equipment,  fluorescent 
lighting  and  auxiliary  gear  was 
run  from  the  a-c  generator. 

The  caboose  was  equipped  with  a 
complete  work  bench,  standard  fre¬ 
quency  source,  and  receivers  for 
calibrating  from  WWV  standard 
frequencies.  Most  measurements 
were  made  continually  over  terri¬ 
tory  served  by  the  Rock  Island 
Lines,  including  Chicago  to  Kansas 
City  and  Kansas  City  to  Denver, 
and  in  connection  with  the  Denver 
and  Rio  Grande  Railway  through 
mountainous  area  and  through  the 
Moffat  Tunnel.  For  the  first  time 
in  the  history  of  the  Rio  Grande, 
radio  communication  worked 
through  the  six-mile-long  Moffat 
I  Tunnel.  High-frequency  tests  in¬ 
dicated  that  the  tunnel  had  a  wave¬ 
guide  effect.  The  signal  from  the 
caboose  had  no  trouble  in  reaching 
the  locomotive,  or  inversely,  if  the 
engine  was  outside  and  the  caboose 
inside. 

An  Esterline-Angus  recording 
meter  was  set  up  for  obtaining  a 
permanent  record  of  noise  versus 
signal  strength.  The  system  set  up 
to  do  this  was  as  follows:  At  the 
frequency  to  be  investigated,  noise 
measurements  were  made  in  a  com¬ 
plete  run  over  the  railroad  route. 
Next,  a  complete  run  was  made 
^th  the  transmitter  on  100  percent 
of  the  time,  making  continuous 
measurements  of  the  output  of  the 
receiver  limiter.  This  gave  the  sig¬ 
nal  strength  throughout  all  parts 


of  the  route  covered.  The  ratio  of 
the  first  to  the  second  set  of  meas¬ 
urements  yielded  the  signal-to- 
noise  ratio  over  the  entire  route. 

Direct  comparisons  of  noise  and 
signal  were  made  at  a  number  of 
frequencies  on  this  basis.  Results 
at  some  of  the  lower  frequencies 
are  shown  in  Fig.  1.  Figure  2 
shows  results  between  2,000  and 
3,000  Me.  The  very  much  larger 
signal-to-noise  ratio  obtainable 
there  made  it  possible  to  obtain  sat¬ 
isfactory  communication  with 
lower  power  fed  into  the  antenna 
and  indicated  the  desirability  of  a 
swing  to  the  microwave  fre¬ 
quencies. 

Details  of  Equipment 

The  first  project  under  develop¬ 
ment  was  the  establishment  of  a 
yard  communication  system  ena¬ 
bling  the  yardmaster  to  communi¬ 
cate  with  either  the  yard  foreman 
or  the  engineer  on  a  locomotive. 
The  need  for  this  becomes  very  ap¬ 
parent  when  it  is  realized  that  a 
switching  locomotive  may  travel 
10  to  20  miles  to  pick  up  cars  from 
another  yard,  the  stockyards,  or  a 
fruit  terminal,  and  haul  them  into 
our  yards.  Some  actual  uses  of 
the  equipment  during  the  tests  are 
shown  in  a  chart  included  here. 

One  master  station  was  installed 
for  this  kind  of  service.  This  sta¬ 
tion  was  set  up  with  a  receiver  and 
transmitter  at  the  base  of  a  light¬ 
ing  tower.  A  coaxial  type  antenna 
at  the  top  of  the  tower  was  con¬ 
nected  to  the  transmitter  and  re¬ 
ceiver  by  means  of  a  coaxial  cable. 
In  this  system  the  receiver  and 
transmitter  combination  can  be 
controlled  from  various  points  in 
the  yard  or  from  remote  stations. 
The  yardmaster  or  yard  superin¬ 
tendent  can  call  any  locomotive 
working  in  or  within  the  neighbor¬ 
hood  of  that  yard. 

In  actual  operation,  the  locomo¬ 
tive  number  was  used  to  identify 
each  locomotive,  such  as  Diesel  700 
and  Engine  2103.  When  the  engine 
is  in  some  other  yard,  a  call  may  be 
put  through  for  some  special  car, 
or  to  add  cars  to  trains  in  this  yard, 
thereby  saving  a  full  trip  or  a  re¬ 
turn  trip  in  order  to  pick  up  the 
extra  cars.  If  for  any  reason  the 
engineer  is  not  clear  on  instruc¬ 
tions,  on  what  cars  to  pick  up,  or 


TYPICAL  RAILROAD  RADI  J  USES 


ENGINE  TO  CABOOSE 

Purpose 

Est 

Timt 

Comrirents  by 

Saved 

Conductor 

(min.) 

Checking  air  tine 

40 

Air  was  set  and  released 

four  times  during 

by  use  of  radio 

d*y 

Hot  box 

20  ' 

Train  stopped  within  five 

Clearing  East 

15 

minjtes  after  receiving 
signal.  Car  set  out  and 
train  moving  after  25- 
minute  delay 

Backed  1 27-car  train 

Main  lor  504 

across  to  West  Main 

Hot  box 

15 

Received  signal  at  Rock- 

Talk  to  engineer 

15 

dale  and  informed  engine 
aew  to  stop  at  Joliet  for 
necessary  repacking 

Try  air,  tell  engine  no. 

Talk  to  engineer 

25 

cars  in  train,  tpns 

Set  out  bad 

30 

out  hot  box  at  Columbus 
JcL 

Car  set  out  and  bill  left  at 

order  car 

Trenton 

For  air  test  .and 

60 

One  hour  saved  between 

high-balling 

Trenton  and  Kansas  City 

High-ball  from 

Only  way  of  knowing 

Blue  Island 

rear  of  train  was  coming 

Talk  to  engineer 

15 

Tell  engineer  9  had  us  cut 

Hot  box  in 
middle  of  train 

Test  air  and 
high-ball 
Emergency  air¬ 
brake  setting 
Talk  to  engineer 

Hot  box 
Set  out  car 
behind  80  cars. 
Each  move  made 
with  radio  be¬ 
cause  of  curva¬ 
ture  of  track 
Test  air  and 
high-ball  to 
leave  town 
Have  train  pull 
over  insulated 
joints  to  clear 
blocks 

Pull  up  so  1 1 
could  get  in 
clear  behind  93 
To  get  speed  of 
train  up  hill 

Talk,  to  engineer 
Talking  to  head 
end  testing  air 
and  high-balling 
Setting  out  8 
cars 

Setting  out  44 
cars 

Talking  to  Bl 
yard  office 
Talk  to  head 
end 

Talk  to  head 
end 

Hot  box  rear  car; 
give  instructions 
move  slowly  due 
to  bad  condition 


Instruct  engineer  20 
when  to  stop  and 
have  switch  en¬ 
gine  take  rear 
car  off  train. 

Also  give  OK  to 
proceed 

(Covtinued 


out  so  could  not  pick  up 
train  order  at  depot 
Would  have  been  neces¬ 
sary  to  stop  train 
Would  have  been  neces¬ 
sary  to  pull  the  air  and 
break  train  in  two 
Kept  in  close  connection 
with  front  end 


Let  head  end  know  rear 
brakeman  was  on 

Used  radio  at  various 
times  to  converse  with 
engineer  regarding  move¬ 
ment  of  train 


Amount  of  time  used  by 
carmen  making  this  air 
test 

Saved  walking  84  cars  to 
tell  head  end  to  pull  up 


Saved  walking  84  cars  to 
tell  head  end  to  pull  up 

After  leaving  siding  top 
speed  up  hill  was  32 
mph. 

Checking  speed  of  train 
Used  for  high-balling 
after  slow  orders  and  in 
regard  to  train  movement 


Testing  air  and  high¬ 
balling 

Found  out  what  track  to 
use 

Give  engineer  number 
loads,  empties  and  tons 
in  train  &  OK  departure 
Give  OK  to  proceed 
after  passing  over  slow 
order 

Saved  walk  of  122  cars 
to  give  instructions  as  to 
speed  and  where  to  dis¬ 
pose  of  car.  Also 
avoided  setting  air  from 
rear  end 

Rear  ear  in  train  taken  off 
by  switch  engine  at 
Joliet.  Burr  Oak  Yard 
notified  to  have  switch 
engine  wailing  at  Joliet 


on  next  page)  ‘ 
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Experimental  2000-3000  Me  radlb  receixer  uiing  a  Klystron  oscillator.  The 
Esterline-Angus  recorder  used  to  check  signal-to-noise  levels  may  be  seen  at 

the  left 


makes  for  extreme  flexibility. 

Late  in  1937  we  set  out  on  a  pro¬ 
gram  of  planned  progress,  and  the 
road’s  recent  studies  of  radio  com¬ 
munication  on  trains  is  a  part  of 
that  program.  This  included  the 
setting  up  of  an  Electronic  Sec¬ 
tion  whose  first  job  was  to  study 
the  available  communication  facil¬ 
ities  and  the  possibility  of  adapt¬ 
ing  these  to  railroad  operation,  and 
the  design  of  new  communication 
facilities  which  would  utilize  de¬ 
velopments  which  had  taken  place 
during  World  War  II. 

In  setting  up  this  program  of 
tests,  several  types  of  communica¬ 
tion  systems  were  studied.  The 
first  distinct  field  for  investigation 
was  frequency  modulation  versus 
amplitude  modulation.  Since  ex¬ 
perimentation  covered  frequencies 
from  40  megacycles  to  3,000  mega¬ 
cycles,  other  characteristics  of  ra¬ 
dio  wave  propagation  entered  the 
picture  in  the  comparison. 

Modulation  and  Frequency  Studies 

The  normal  factors  which  influ¬ 
enced  our  choice  of  frequency  mod¬ 
ulation  over  amplitude  modulation 
were:  (1)  the  advantage  of  fre¬ 
quency  modulation  over  amplitude 
modulation  in  the  elimination  of 
noi&ej  because  of  the  characteris¬ 
tics  of  the  limiter  tube,  (2)  free¬ 
dom  from  interference  with  f-m  as 


compared  to  a-m,  and  (3)  the  con- 
.stancy  of  audio  output  so  long  as 
the  frequency  deviation  is  constant, 
whereas  with  amplitude  modulation 
the  amplitude  decreases  with  the 
distance  from  the  soui’ce  of  the  sig¬ 
nal.  The  last-mentioned  factor  was 
a  particularly  important  one,  since 
on  the  basis  of  noise  reduction 
alone  the  advantage  of  frequency 
modulation  over  amplitude  modula¬ 
tion  might  not  have  been  decisive 
where  both  types  of  service  were 
tried  at  high  frequencies  at  which 
noise  is  minimized. 

As  the  frequency  is  increased 
and  wavelengths  become  shorter, 


buildings,  towers  and  natural  ob¬ 
stacles  tend  to  reduce  the  ampli¬ 
tude  of  the  signal.  Moreover,  mi-^' 
crowave  signals  may  be  received 
over  two  different  paths  so  that  the 
resultant  received  signal  varies  in 
amplitude  according  to  the  relative 
phases  of  the  two  waves.  Wave  re- 1 
flections  and  standing  waves  in-  [ 
crease  amplitude  variations.  Now, 
if  such  changes  in  amplitude  are 
present  and  the  train  is  moving  at 
a  reasonable  speed,  the  amplitude 
changes  will  produce  an  effect  sim¬ 
ilar  to  amplitude  modulation,  the 
frequency  of  which  will  depend 
upon  the  number  of  nodes  or  anti¬ 
nodes  in  a  given  distance,  and  the 
train  speed.  This  modulating  ef¬ 
fect  will  hereafter  be  referred  to 
as  the  flutter  effect.  The  flutter  ef¬ 
fect  became  more  and  more  pro¬ 
nounced  as  the  carrier  frequency 
was  raised.  At  40  megacycles  it 
was  barely  audible,  at  157  mega¬ 
cycles  it  was  very  pronounced,  and 
between  2,000  and  3,000  Me  satis¬ 
factory  communication  was  impos¬ 
sible  with  amplitude  modulation 
while  the  train  was  in  motion. 
When  using  frequency  modulation, 
signals  were  sufficiently  strong 
(eVen  over  the  greatest  distances 
for  which  communication  was  re¬ 
quired)  to  saturate  the  receiver 
limiter  and  the  flutter  had  no  effect 
on  the  audio  output. 

The  actual  operating  frequency 
chosen  was  to  be  determined  by  in¬ 
vestigation.  Measurements  were 
made  at  40  megacycles,  55  megacy¬ 
cles,  157  megacycles,  300  mega¬ 
cycles,  and  between  2,000  and  3, 


FIG.  2 — Recording  showing  typical  signal-to-noise  ratio  on  2000-3000  Me  (Scab 
shown  on  chart  gives  arbitrary  values) 
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PiirpoM 


Talk  to  haad  and| 

Tt4  air 


Lat  atttinaar 
know  whan 
(rain  wat  ovar 
slow  track 
Lat  Enginaar 
know  twitch 
doted  and 
brakaman  on 
Notify  haad  and 
to  tat  and  ralaata 
ak  and  train 
ready  to 
proceed 
Hot  bo« 

To  advba  head! 
and  when  train 
wat  in  dear 
To  tel  tignal  to 
engineer  that 
flagman  wat  on 
Talk  to  enginaer] 


Hot  box 
Talk  to  engkieerl 


Aktett 
Gear  patting 
track  for  98 


Ak  tetl 


Get  kain  in 
dear  on  patting 
track 


Hot  box 


Let  engineer 
know  when  rear 
end  kain  made 
up  and  teit  ak 
Talk  to  engineer] 


Convene  with 
head  brakaman 
to  tet  out  head 
car  with  tiued 
truck  t  Ik  f 
Let  engineer 
know  when] 
flagman .  wat'on 
Hot  box] , 


Aktett 
Talk  to  engineer| 

Ak  went  Into 
emergency 


E(L 

TImu 

Saved 

(min.) 

Commanb  by  Purpoie 

Conductor 

Est. 

Tima 

Saved 

(min.) 

Commanto  by 
Conductor 

Find  out  why  atop  wm  Talk  to  anginaar 

90 

Head  and  missed  order. 

mada  for  rad  block 

Called  to  find  out  if  rear 

5 

Sava  pulling  out  draw 

and  got  it  h4ada  con- 

ban  and  braking 

tents  known  to  haad  and. 

knuckle,  won't  have  to 

Saved  stop 

«at  ak  from  rear  and  Talk  to  haad  and 

90 

Talked  to  head  and  about 

5 

Radio  i«  a  lima-Mvar 

block  and  aossingA*t 

getting  ovar  slow  kacks 

Polo 

and  heading  out  of  paw  Talk  to  haad  and 

Talked  to  haad  and  ac- 

ing  kack 

count  hot  wheals 

6 

The  fuses  wa  can  save  to  Talk  to  haad  and 

Head  and  stopped  to 

give  signal  on  a  long 

inspect  hot  box  rear  and. 

kaki  will  pay  for  a  radio 

In  3  min.  had  kain  off 

10 

This  saved  time  as  there  — ^ 

main  road 

10 


10 


40 


IS 


IS 


SO 


wat  no  mMaka  in  tignalt 


Would  have  had  to  tm 
ak  from  rear  end 
Thb  avoided  ttopping 
when  kain  wat  not  in 
claar 

Could  not  have  eignalled 
head  end  if  no  radio 

Told  engineer  I  wat  going 
back  to  atk  ditpatcher 
about  91  which  wat  de¬ 
layed  at  Lett! 

Engineer  called  to  tell  me 
what  wat  wrong,  taved 
walking  116  can 
Engineer  called  when 
they  tet  out  and  were 
ready  to  go,  and  if  flag¬ 
man  wat  on  and  ready 
to  go 

Not  only  uted  radio  for 
our  kain  tul  gave  tignalt 
to  98  to  let  him  know 
when  he  cleared  the 
main 

Had  100  can,  difficult 
to  tee  hand  tignalt  that 
far  wHh  a  background  of 
city  lighit 

Track  wasn't  long  enough 
to  get  in  clear.  Dit¬ 
patcher  held  kain  back  of 
fktl  signal  at  Alleiton  to 
run  18  against  Ex.  97 
Clio  to  Allarton 
Hot  box  69  can  behind 
engine.  Called  engineer, 
had  him  cut  angina  off 
and  come  to  rear  end  of 
kain 


YARD  TO  ENGINE 


Had  slued  kuck  on  head 
ear.  Instructed  head  end 
what  to  do  with  car 
Saves  lob  of  time  if  you 
have  to  instruct  head  end 
about  a  bad  order  car 


Purpose 


Test 

Detail  on  movementl 
dkough  plant,  lead  to  shorft 
1 ,  call  tower  on  phone 
Called  account  move  on 
So.  Chicago  caboose  at 
north  end  yard 
Lined  up  700  on  tome 
work 

Had  700  come  up  out  of] 
yard — to  couple  up  kack 
14  to  be  ready  for  eng. 
85S7.  to  toke  off  on  Hill 
I.  H.  B.  Spec.,  due  on  Hill 
3:00  A 
To  make  change  in  work 
and  put  700  engine’  and 
aew  into  lunch]  ‘ 

700  called  to  find  out| 
where  to  put  cart  _ 

Instruct ,  oew  -  on  *  added 
vrork 

700  callerf  to*  secure  dit- 
position  on  two.  cats  not] 
carded 

Lined  up  crew  on  work 
Test 

Instruct  oew 

Change  work 

Instruct  aew 
Change  work  on  yard 
Instruct  oew 

Line  up  oew  on  work  in 
yard 

Instruct  oew  on  work 
Had  two  R.C.  cars"'  for] 
B.O.CT.f  these  cart  were 
delivered,  and  Retiker, 
with  Engine  9103  had  the 
bills  out  of  XS  for  thetel 
can.  Made  this  call  to 
have  him  deliver  t  he.billt 
to  B.O.C.T. 

Called  engine  9103  at  19th 
St  Yard,  to  make  test 
Line  700  up  with  new  work 
Instruct  oew  on  take  off  96] 

Inskuct  oew 


Would  have  had  to  set 
ak  from  rear  end  as  I  had 
101  can  and  could  not 
get  signal  to  head  end. 
Might  have  got  draw  bar 
or  knuckle  and  caused  big 
deUy 

140  can,  half  of  kabi 
around  curve 
In  passing  through  patting 
kack  instructed  engineer 
re  closing  twitch,  etc. 
Burst  ak  hose  behind  1 37 
can.  Could  not  see 
signals 


Line  up  crew 
700  called  about  car 


Lined  crew  up  to  do  some 
exka  work 
Called  to  line  up  oew  on 
work,  later  cancelled  call 


Comments  by  Yard 
Master 


Changed  work  on  700 


No  way  to  contact  ex¬ 
cept  by  radio 
Could  not  get  twitch 
tender 


No  way  to  contact 
Diesel  at  north  end  of 
yard.  Could  not  get 
switch  tender 


N  o  contact,  only 
through  towar 
Could  not  contact  ex¬ 
cept  through  tower. 
700  called  to  instruct 
oew  on  work 


Car  in  kain  700  twitch¬ 
ing.  No  card  on  car. 
In  on  road  kain.  700 
called  for  information 
on  car 


Normal  contact  would 
be  on  phone  through 
GrethamTewob 
Probably  could  not 
contact  oew  for  an 
hour  or  more 


has  any  questions  concerning  in¬ 
structions  on  pick-up  or  perishabil¬ 
ity  of  freight,  he  can  call  the  yard- 
master  to  get  complete  instructions 
on  handling  this  project. 

In  this  service,  direct  compari¬ 
sons  were  made  between  apparatus 
operating  on  various  frequencies. 
At  all  frequencies  the  service  area 
was  covered  equally  well,  but  atmos¬ 
pheric  noise  was  lower  at  157  mega¬ 
cycles,  and  had  disappeared  com¬ 
pletely  between  2,000  and  3,000  Me. 
A  slight  flutter  effect  was  noticed 
on  157  megacycles  when  amplitude 
modulation  equipment  was  used. 
The  maximum  a-c  power  input  was 
300  watts.  The  radio-frequency 
power  output  of  the  final  stage  was 
10  watts.  Satsifactory  communica¬ 
tion  was  obtained  for  a  radius  of  15 
miles  from  a  central  point. 

In  front-to-rear  train  communi¬ 
cation  the  equipment  is  used  by  the 
conductor  and  the  engineer.  Un¬ 
der  present  operating  rules  the  con¬ 
ductor  is  in  charge  of  the  train 
movements  at  all  times  and  must 
initiate  any  instructions  as  to 
starting  and  stopping  of  trains,  the 
handling  of  hot  boxes,  or  relating 
to  any  emergencies  which  might 
develop.  In  the  actual  operation  of 
this  equipment,  the  conductor  can 
save  a  considerable  amount  of  time 
in  .the  handling  of  a  train,  as  indi¬ 
cated  by  the  chart,  which  shows 
typical  actual  equipment  uses. 

Without  front-to-rear  communi¬ 
cation  the  conductor  must  stop  the 
train  from  the  rear.  This  means 
that  the  brakes  on  the  caboose  go 
on  immediately,  on  the  next  car  a 
short  time  later,  and  so  on.  When 
such  an  occasion  arises  the  engine 
keeps  pulling  after  the  caboose  has 
stopped,  resulting  in  flat  wheels  or 
breaking  a  train  in  two,  which  may 
result  in  a  derailment,  personal  in¬ 
jury,  or  serious  delay.  On  the  other 
hand,  when  the  conductor  can  talk 
to  the  engineer  in  the  locomotiv^ 
he  can  tell  the  engineer  to,  apply  his 
brakes  immediately  and  the  train 
will  stop  normally  from  the  front 
end.  Also,  in  starting  a  train  the 
car  brakes  must  be  pumped  up  and 
checked  for  operation.  This  is 
called  checking  the  air.  This  can 
be  accomplished  in  less  time  whw 
the  conductor  can  report  the  air 
pressure  back  to  the  engineer  and 
then  give  him  the  high-ball  to  get 
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out  all  the  air.  In  yards  and  on 
switchings,  he  can  inform  the  en¬ 
gineer  when  the  train  is  in  a  safe 
position,  i.e.,  when  the  last  car  is 
on  a  siding  of  the  main  line.  All 
these  problems  have  been  intensi¬ 
fied  recently  with  the  advent  of 
100  and  150-car  trains. 

For  front-to-rear  communica¬ 
tion  service,  comparisons  were 
made  between  signals  at  various 
frequencies.  As  in  other  cases,  all 
units  worked  satisfactorily,  with 
atmospheric  noise  present  on  40 
megacycles,  less  on  157  megacycles, 
and  disappearing  between  2000  and 
8000  Me.  A  flutter  effect  was  audible 
on  157  megacycles  when  going 
through  towns  or  areas  with  high 
buildings  or  water  tanks. 

In  order  to  make  patterns  of  the 
radiation  from  antennas  located  on 
various  portions  of  locomotives,  two 
diesel  locomotives  and  one  steam  lo¬ 
comotive  were  equipped  with 
quarter-wave  antennas  and  mounted 
at  various  locations  on  each  of  the 
locomotives.  The  locomotives  were 
then  driven  on  a  turntable  and  the 
carriers  turned  on.  A  receiver  was 
set  up  about  100  feet  away  and  the 
turntable  rotated  through  360  de¬ 
grees.  From  the  results  obtained, 
information  was  compiled  which 
indicated  that  for  the  best  radia¬ 
tion  pattern  the  antenna  should  be 
mounted  in  the  center  of  the  cab 
roof. 


Panoramic  and  Hallicrafton  equipment  used  to  Tisuolly  check  the  fre> 
quency  oi  tronsmitters  os  trains  using  them  pull  into  the  yard.  A  block 
diagram  of  the  setup  is  shown  in  Fig.  3 


signal  and  both  signals  were  fed  eration  of  this  system,  using  very 
to  a  crystal-type  detector  or  mixer,  low  power,  was  excellent. 

The  intermediate-frequency  output 
was  then  fed  to  the  i-f  channel,  as 
in  the  usual  superheterodyne  re¬ 
ceiver.  The  limiter  current  in  the 
superheterodyne  was  measured  by 
means  of  an  Esterline-Angus  re¬ 
cording  meter,  which  made  a  direct 
comparison  between  the  noise  and 
the  signal  received  at  any  given 
point. 

Very  interesting  results  were  ob¬ 
tained.  While  the  train  was  mo¬ 
tionless  the  signal  was  constant. 

As  the  train  moved  the  signal 
would  increase  and  decrease  just 
as  if  it  were  actually  passing 
through  waves  of  energy.  The  op- 


Sarvleo  a>d  Maiataaoiice 

The  installation  and  mainte¬ 
nance  of  equipment  becomes  quite 
a  problem  in  railroad  operation.  It 
has  been  found  expedient  to  divide 
the  work  into  two  categories  and 
between  two  organizations.  The  in¬ 
stallation-  work,  involving  power 
supplies,  power  switches,  and  gen¬ 
erators  on  locomotives,  is  all  done 
by  the  electricians’  group.  The  in¬ 
stallation  of  telephones  and  radio 
equipment,  and  tuning  and  adjust¬ 
ing  of  the  sets,  is  done  by  the  com¬ 
munication  department. 

Two  sets  of  frequency  standards 


Microwave  Tests 


Tests  on  2000-3000  Me  were  con¬ 
ducted  between  Chicago  as  one  ter¬ 
minus  and  Salt  Lake  City,  Denver 
and  Kansas  City  as  the  other.  In¬ 
cluded  in  these  tests  were  applica¬ 
tions  of  radio  communication  to  all 
the  various  forms  of  railroad  opera¬ 
tion.  It  is  believed  that  the  2000- 
3000  Me  equipment  is  still  suffi¬ 
ciently  novel  to  warrant  a  brief 
description. 

An  antenna,  fed  by  a  10-watt 
crystal-controlled  transmitter,  was 
placed  on  the  locomotive;  a  stub- 
supported  line  was  used  to  connect 
the  antenna  and  the  transmitter  in 
the  locomotive.  The  receiver  was 
located  in  the  caboose  and  was  con¬ 
nected  by  means  of  the  stub-sup- 
Ported  line  to  the  receiving  an¬ 
tenna. 

A  Klystron  local  oscillator  was 
used  to  beat  against  the  incoming 
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FIG.  3 — Block-diagram  showing  syttem  tued  for 
visual  frequency  checks 
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have  been  set  up,  one  indicating 
maximum  frequency  deviation  and 
the  other  indicating  minimum  fre¬ 
quency  deviation  from  the  assigned 
carrier.  In  the  actual  maintenance 
of  the  radio  equipment,  frequency 
checking  is  done  by  a  visual  com¬ 
parison  method  using  a  Panoramic 
unit  at  the  central  office.  As  each 
radio-equipped  train  comes  into  the 
yard,  the  maintenance  engineer 
calls  and  asks  the  operator  to  trans¬ 
mit  a  carrier  for  five  seconds  with¬ 
out  any  modulation.  This  carrier 
then  appears  visually  on  the  screen 
of  the  Panoramic  between  the  two 
peaks  designating  limits  of  fre¬ 
quency  deviation.  If  the  carrier  is 


Frequency-modulated  equipment,  installed  in  the  cab  of  a  locomotive,  can  be 

seen  at  the  right 


Remote  control  position  for  o  typicol  yard 
station 

outside  the  peaks,  the  equipment  is 
removed  from  service  and  brought 
into  the  shop  for  frequency  check¬ 
ing.  The  visual  system  has  advan¬ 
tages  over  taking  meter  readings 
because  of  its  simplicity  and  the 
speed  with  which  a  large  number  of 
remote  units  can  be  checked.  This 
system  is  illustrated  in  Figure  3. 

Carrier  Systems  Investigated 

Carrier  systems  were  tried  on 
frequencies  of  80  and  175  kilocycles, 
using  amplitude  modulation  and 
also  frequency  modulation.  During 
the  process  of  the  tests  it  was 
originally  planned  that  the  instal¬ 
lation  should  ■  investigate  long- 
range  communication  through  the 
use  of  carrier,  with  the  short-area 
coverage  being  done  by  means  of 
radio. 

Space  radio  was  to  be  used  for 
yard  systems  and  terminal  opera¬ 


tion  where  no  wayside  wires  were 
within  a  relatively  short  distance 
of  the  locomotive  or  caboose,  as 
when  yards  were  a  mile  or  two 
miles  wide  and  five  or  six  miles 
long.  It  was  assumed  that  radio 
signals  broadcast  in  all  directions 
from  a  certain  point  would  easily 
cover  two  or  three  yards  working 
in  the  same  locale,  with  no  worry 
about  proximity  to  wires. 

Further  investigation  late  in 
1944  proved  that  although  carrier 
systems  were  excellent  for  long¬ 
distance  transmission,  the  problem 
of  interference  with  other  railroads 
also  using  carrier  systems  ap¬ 
peared.  To  cite  an  example ;  A  120- 
car  freight  equipped  with  the  car¬ 
rier  system  was  approaching  Kan¬ 
sas  City.  It  was  actually  more  than 
40  miles  away  from  the  Kansas 
City  yards  when  train  orders  being 
sent  by  the  Kansas  City  Southern 
were  received  on  the  Rock  Island 
caboose. 

If  there  had  been  three  or  four 
railroads  operating  in  the  same  dis¬ 
trict,  all  would  have  received  the 
train  orders  issued  by  the  Kansas 
City  Southern.  Since  a  very  lim¬ 
ited  number  of  channels  were  avail¬ 
able  it  was  believed  best,  therefore, 
to  drop  the  induction  system  in 


favor  of  a  complete  space  radio  sys¬ 
tem  in  which  directional  antennas 
would  tend  to  guide  radiation  along 
the  bounds  of  the  railroad.  An¬ 
other  important  advantage  ap¬ 
peared  in  favor  of  space  radio.  If 
wires  were  down  or  had  more  than 
two  or  three  breaks,  an  induction 
system  would  be  out  of  service.  The 
space  radio  system  would  still  have 
its  normal  operating  characteris¬ 
tics,  and  would  be  relatively  little 
affected  by  sleet  storms,  floods  and 
similar  emergencies. 

Conclusions 

As  a  conclusion  to  the  various 
tests  made  by  the  Rock  Island  Rail¬ 
road,  it  would  definitely  seem  from 
the  results  we  have  secured  that 
(a)  the  space  radio  system  is  pre¬ 
ferred,  and  that  (b)  frequency 
modulation,  (c)  low  power,  and  (d) 
directive  high-gain  antennas  are 
all  in  line  for  further  development 
for  railroad  communication. 

The  use  of  safety  devices  work¬ 
ing  on  a  pulse  or  radiated  wave 
pattern  will  surely  find  a  way  into 
railroad  warning  systems.  At  the 
present  time  we  are  building  sev¬ 
eral  experimental  units  using  high- 
frequency  radiation  for  warning 
systems. 
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Output  frequencies  as  high  as  500  Me  can  he  varied  continuously  or  shifted  hack  and 
forth  between  two  or  more  values  hy  applying  appropriate  keying  signals  to  electro¬ 
static  deflecting  plates,  so  as  to  vary  the  transit  time  between  control  grid  and  plate 


(’iimdiii  Forge  Co. 
Cf^mdrn,  .\.  J. 


Few  conventionally  designed  other  problems  arising  from  within  between  the  cathode  and  control 
electron  tubes  will  operate  with  the  tube  itself.  Among  these  are  grid  and  with  high  electron  veloc- 
any  efficiency  above  100  megacycles  the  limitations  imposed  by  the  elec-  ities  this  loading  effect  can  be  re- 
and  fewer  still  at  frequencies  of  tron  transit  time.  Electron  travel  duced  to  workable  values  where 
500  Me  and  higher.  However,  this  time  from  the  cathode  to  the  con-  tubes  of  the  acorn  variety  are  used, 
is  not  to  say  that  successful  opera-  trol  grid  constitutes  one  source  of  The  characteristics  which  we  are 
tion  is  not  obtainable  in  the  ultra-  trouble  and  the  result  of  this  is  a  to  discuss  herein,  however,  are 
high-frequency  band  (300  to  3,000  loading  effect  causing  poor  power  those  imparted  by  the  flight  time  of 
Me)  with  conventional  tube  con-  factor  for  the  input  driving  cir-  the  electrons  after  they  leave  the 
struction,  because  there  do  exist  cuits.  With  extremely  close  spacing  control  grid  and  until  they  strike 
some  new  types  of  tubes  which  have 
been  designed  especially  for  such 
frequencies.  These  tubes  are  not 
generally  spoken  of  as  being  con¬ 
ventional,  however,  at  this  stage 
of  the  game. 

The  writer  had  occasion  to  assist 
in  the  development  of  a  secondary 
emission  type  tube  especially  de¬ 
signed  for  use  at  500  megacycles  or 
lower.  The  tubes  had  the  appear¬ 
ance  of  an  overgrown  acorn  tube. 

From  the  laboratory  work  a  num¬ 
ber  of  unique  characteristics  were 
found  which  suggested  some  new 
uses  and  advantages  offered  by  this 
kind  of  tube. 
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Ultrahigh-Frequency  Problems 

Aside  from  the  problem  of  effi¬ 
ciently  driving  the  input  control 
at  ultrahigh  frequencies  to 
pot  the  useful  signal  onto  the  grid 
clement  where  it  has  control  on  the 
uinount  of  electrons  passed  on  to 
the  anode,  there  are  a  number  of 
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FIG.  1 — Basic  electrode  arrangement  in  an  orbital-beam  tube 
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anode,  bearing  in  mind  that  the 
physical  design  must  allow  for  the 
control  of  the  electron  transit  time 
in  the  manner  described.  A  triode 
oscillator  circuit  is  generally  pre¬ 
ferred  for  simplicity.  Since  we 
were  interested  mostly  in  receiver 
circuits  with  high  gains  per  stage, 
the  secondary  emitter  tube  was 
used  because  of  its  inherent  high 
mutual  conductance.  As  a  power 
amplifier  this  tube  was  found  ad¬ 
vantageous,  as  will  be  pointed  out 
later. 


the  anode  or,  in  this  particular  case, 
the  secondary  emitter.  This  flight 
time,  if  appreciable  compared  to 
the  interval  of  time  represented  by 
one  cycle  of  the  operating  fre¬ 
quency,  very  definitely  has  control 
over  the  operation  of  the  device. 

Grid-Aaod*  Troutt  Tim* 

In  view  of  this  consideration  the 
electron  transit  time  was  made  ap¬ 
proximately  equal  to  the  time  of 
one  cycle  of  the  operating  fre¬ 
quency,  so  as  to  have  a  synchronous 
or  in-phase  relation.  It  was  found 
that  this  in-phase  relation  does  ex¬ 
ist  and  that  if  the  transit  time  was 
made  to  vary,  a  corresponding  shift 
in  frequency  response  or  a  reactive 
effect  on  the  external  circuits  was 
observed.  Thus  we  can  say  that  a 
change  in  the  electron  transit  time 
has  a  corresponding  reactive  effect, 
the  sign  of  which  being  determined 
by  the  direction  of  the  change  in 
time  relative  to  the  carrier  fre¬ 
quency.  These  reactive  influences 
were  utilized  as  a  means  of  control 
over  the  tube  and  its  associated  cir¬ 
cuits. 

Although  a  secondary  emission 
type  was  used  for  the  experimental 
work,  the  principles  of  control  by 
transit  time  variation  would  apply 
in  triodes  and  similar  tubes  where 
the  electrons  are  collected  by  the 


Priaelpl*  of  Orbital'Boam  Tubo 

The  essential  elements  of  the  first 
orbital-beam  tube  are  shown  in 
Fig.  1,  and  include  a  heater,  cath¬ 
ode,  control  grid,  screen  grid,  in¬ 
side  reflector  plate,  outside  reflector 
plate,  secondary  emitter,  and  anode. 
If  we  were  to  visualize  the  flight  of 
a  single  electron,  for  example,  we 
find  that  after  its  emission  from 
the  cathode,  attraction  by  the  posi¬ 
tively  connected  screen  grid  pro¬ 
vides  it  with  an  initial  velocity  suf¬ 
ficient  to  carry  it  through  the 
screen  grid,  beyond  which  the 
higher  potentials  applied  to  the 
various  other  elements  speed  it 
along  some  curved  path,  say  P,  to 
the  secondary  emitter  where  its  col¬ 
lision  with  the  activated  plate 
causes  the  radiation  of  secondary 
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FIG.  3 — A  law-tootli  keying  signal  fed 
into  an  orbitol-beom  oscillator  giees  a 
sweeping  effect  coTering  on  entire 
bond  of  freguencies 


FIG.  2 — A  square-ware  keying  signal 
fed  to  on  orbitol-beom  oscillator  gires 
two-band  transmission  with  a  single 
tronsmitter 


electrons,  some  of  which  strike  the 
anode. 

The  velocity  of  the  electron  dur¬ 
ing  this  flight  remains  substan¬ 
tially  constant  as  determined  by 
the  static  potentials  applied  to  the 
various  elements,  and  its  path  has 
been  made  purposely  circular.  The 
circular  path  permits  lengthening 
or  shortening  of  the  flight  path, 
thereby  causing  more  or  less  time 
to  be  required  by  the  electron  in 
traveling  from  the  control  grid  to 
the  secondary  emitter.  The  normal 
direct  voltages  applied  to  the  vari¬ 
ous  elements  are  approximately  as 
follows:  screen  grid — 160  v,  inside 
reflector  plate — 150  v,  and  outside 
reflector  plate — 200  v.  To  lengthen 
the  path  a  greater  d-c  potential  is 
applied  to  the  outside  reflector  or 
less  to  the  inside  reflector.  The  elec¬ 
tron  having  an  initial  velocity  and 
potential  as  determined  by  the 
screen  grid  is  either  attracted 
toward  a  higher-potential  field  or  re¬ 
pelled  by  a  lower  one,  so  that  it  is 
effectively  guided  along  the  curved 
course  by  the  curved  electrostatic 
field  existing  between  the  two  re¬ 
flecting  plates.  In  other  words,  by 
adjusting  the  d-c  potentials  applied 
to  the  reflecting  plates  the  mean  di¬ 
ameter  of  the  circular  flight  path 
taken  by  the  electron  is  caused  to 
vary  more  or  less.  This  control  effect 
is  the  nucleus  of  the  characteristics 
utilized  in  this  conception.  The 
principle  of  electron  stream  deflec 
tion  is  similar  to  that  employed  in 
other  applications  such  as  the  cath¬ 
ode-ray  oscilloscope,  beam  tubes  and 
others. 


Pulling  Effect 


If  the  tube  and  its  connected 
circuits  were  made  to  oscillate  at  a 
frequency  corresponding  to  the  or¬ 
der  of  time  taken  by  the  electron 
in  its  traveled  path,  it  was  found 
that  by  varying  the  length  of  the 
electron  flight  path  and  conse¬ 
quently  the  time  taken,  consider¬ 
able  reaction  or  pulling  effect  was 
reflected  upon  the  circuit,  resulting 
in  a  change  of  operating  frequency. 
The  degree  of  control  made  pos¬ 
sible  is  appreciable.  By  way  of  ex¬ 
ample,  the  particular  tubes  which 
were  used  gave  a  response  varia¬ 
tion  amounting  to  ±0.5  percent  at 
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FIG.  S  (ext  right) — Um  of  o  coaxial  resonant  line  with  an 
orbital-beam  tube  to  secure  push-pull  omplilicotion 


500  megacycles  before  any  reduc¬ 
tion  in  oscillation  strength  took 
place.  This  frequency  change  was 
obtained  by  a  2-percent  variation 
of  the  d-c  potential  applied  to  either 
reflecting  plate. 

It  can  be  shown  that  the  above 
phenomenon  can  be  reduced  to  ca¬ 
pacitive  or  inductive  reaction  ef¬ 
fects  and  thus  utilized  for  a  num¬ 
ber  of  circuit  functions  such  as  cir¬ 
cuit  compensation,  oscillator  sta¬ 
bility  and  frequency  response 
change,  regeneration  control,  multi¬ 
ple-band  and  wide-band  reception. 

Possible  Applications 

These  considerations  immedi¬ 
ately  suggest  the  possibility  of  ap¬ 
plying  modulation  signals  to  the 
reflecting  plates  for  obtaining  the 
following  modes  of  operation :  sine- 
wave  modulation  for  communica¬ 
tion  and  other  uses;  square-wave 
keying  signals  to  obtain  two  or 
more  distinct  operating  conditions, 
such  as  multiple-band  reception  or 
transmission  (see  Fig.  2),  and  saw¬ 
tooth  keying  signals  to  obtain  a 
sweeping  effect  covering  a  continu¬ 
ous  band  of  frequencies  (see  Fig. 
3). 

An  orbital-beam  tube  is  normally 
used  in  single-ended  fashion  as 


shown  in  Fig.  4,  where  the  output 
circuit  is  connected  to  the  anode. 
It  was  found  that  it  also  worked 
quite  well  as  a  push-pull  driver, 
with  the  secondary  emitter  and  the 
anode  connected  to  the  opposite  ends 
of  a  push-pull  resonant  circuit  as 
shown  in  Fig.  6.  In  the  latter  case, 
when  used  as  a  power  amplifier,  a 
power  gain  equivalent  to  1.414 
times  that  of  the  single-ended  cir¬ 
cuit  was  obtained. 

Extaraal  Circaits 

A  few  words  about  the  external 
circuits  are  in  order  at  this  point. 
At  600  megacycles  the  advantages 
of  concentric  resonant  line  circuits, 
either  X/4  or  X/2  in  effective  length, 
are  numerous  and  these  lines  were 
used  in  the  work  of  development. 
Proper  matching  of  the  input  and 
output  terminals  of  the  tube  to 
their  connected  circuits  is  most  es¬ 
sential,  as  well  as  the  effective 
grounding  of  the  other  elements 
at  the  operating  frequency.  If  mod¬ 
ulating  signals  are  applied  to  one 
or  both  of  the  reflecting  plates,  then 
band-pass  type  filtering  is  required 
in  the  leads  to  these  elements  in  or¬ 
der  to  properly  ground  the  r-f  car¬ 
rier  currents  while  passing  the 
modulating  signals. 


In  Fig.  5  it  will  be  noted  that 
provision  is  made  for  impressing  a 
modulating  signal  onto  the  reflec¬ 
ting  plates.  Resistors  Ro  and  Ri 
are  in  series  with  the  battery  leads 
to  these  plates.  Generally  only  one 
plate  is  used  for  a  single  applica¬ 
tion;  however,  there  are  conceiv¬ 
able  applications  where  both  plates 
might  be  used  for  a  dual  modula¬ 
tion  scheme. 

In  conclusion,  it  should  be  re¬ 
membered  that  in  order  to  control 
the  electron  flight  time  within  a 
given  tube,  assuming  constant  ve¬ 
locity,  a  circular  or  orbital  path 
with  suitable  deflecting  plates  must 
be  provided,  and  to  obtain  the  re¬ 
active  or  phase  effects  discussed 
herein  the  physical  dimensions 
must  be  such  to  cause  the  flight 
time  to  be  approximately  equal  to 
the  time  of  one  cycle  of  the  operat¬ 
ing  frequency.  Whether  the  tube  is 
a  secondary  emitter  or  a  straight 
anode  collector  does  not  matter  in 
the  sense  and  manner  of  control. 
It  does,  however,  make  a  difference 
in  the  relative  gain  derived,  being 
somewhat  in  favor  of  the  second¬ 
ary  emitter  tjqie.  A  greater  flexi¬ 
bility  in  circuit  arrangements,  with 
some  added  complications,  is  pos¬ 
sible  with  the  latter  type. 
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Shielding  of  Dielectric 


RCA.  Victor  Division 
Radio  Corporation  of  America 
Camden,  N.  J. 


fits  the  case  quite  closely.  This  was 
done  to  conform  to  the  standard 
broadcasting  practice  and  to  pro¬ 
vide  a  common  base  for  comparison 
of  all  readings  regardless  of  the 
distance  at  which  they  were  taken. 

In  order  to  simulate  the  average 
factory  installation,  the  applicator 
electrodes  and  work  table  were  set 
up  about  12  feet  away  from  the 
generator  and  were  connected  with 
it  by  a  concentric  transmission  line. 
The  generator  was  housed  in  a  par¬ 
tially  copper-plated  steel  cabinet. 
Metal  conduit  extended  from  the 
cabinet  to  the  incoming  power 
source,  the  plate  transformer,  and 
the  remote  control  station.  In  order 
to  provide  the  usual  safety  ground, 
the  system  was  also  directly  con¬ 
nected  to  a  driven  ground  pipe  by 
5  feet  of  No.  4  solid  copper  wire. 

The  load  on  the  generator  con¬ 
sisted  of  -  a  water  resistance  in 
series  with  a  two-plate  air  capacitor 
formed  by  the  applicator  electrodes. 
The  low-voltage  electrode  was  the 


sheet 
This 
3.  Th 
erato 
const 
frequ 
acros 


Di«l*ctric  heating  generator  (left)  connected  to  shielded  work  table  (right)  by 
overhead  transmission  line 


Radiation  on  harmonics  of  the 
operating  frequency  must  also  be 
considered.  Figure  2  shows  com¬ 
parative  field  strengths  of  funda¬ 
mental  and  harmonics  measured  at 
one  commercial  installation  operat¬ 
ing  at  9  megacycles.  A  similar  ratio 
of  harmonic  radiation  was  meas¬ 
ured  at  the  start  of  these  tsts. 

The  ratio  remained  approxi¬ 
mately  the  same  as  the  fundamen¬ 
tal  field  strength  was  reduced  by 
shielding.  The  harmonics  disap¬ 
peared  below  the  noise  level  while 
the  fundamental  was  still  easily 
measurable. 

Usually  the  ambient  noise  level 
in  localities  where  industrial  equip¬ 
ment  is  used  will  be  fairly  high. 
Around  the  installations  plotted  in 
Fig.  1  it  was  about  20  microvolts. 
At  the  measuring  position  used  in 
this  investigation  it  was  15  micro¬ 
volts. 

Conditions  of  Tests 

The  tests  were  run  on  a  dielec¬ 
tric  heating  generator  located  in 
the  RCA  development  laboratory  in 
Camden.  The  field  strength  meas¬ 
urements  were  made  with  an  RCA 
308A  field  intensity  rfeter  placed  at 
a  fairly  open  spot  360  feet  from  the 
generator.  Later,  when  radiation 
had  been  considerably  reduced,  the 
meter  was  moved  to  100  feet  from 
the  generator. 

All  readings  were  converted  to 
the  equivalent  field  at  a  distance  of 
one  mile  by  means  of  the  inverse 
square  law  which,  as  Fig.  1  shows, 


The  rapidly  increasing  use  of 
electronic  heating  processes  in 
industry  has  required  the  installa¬ 
tion  of  many  high-power  radio-fre¬ 
quency  generators.  All  of  these 
generators  radiate  some  power  and 
thus  become  potential  sources  of 
interference  with  radio  services. 

The  investigation  to  be  described 
was  undertaken  to  determine  by 
actual  measurement  the  effect  of 
various  shielding  arrangements 
upon  the  radiation  from  electronic 
heating  equipment. 

Electronic  heating  is  divided  into 
two  distinct  fields:  the  heating  of 
metals,  called  induction  heating, 
which  is  done  mostly  at  frequencies 
below  600  kilocycles,  and  the  heat¬ 
ing  of  nonconductors,  called  dielec¬ 
tric  heating,  which  is  done  almost 
entirely  at  frequencies  above  two 
megacycles. 

Field  strength  measurements 
made  around  several  20-kilowatt, 
400-kilocycle  induction  heating  in¬ 
stallations  operating  in  manufac¬ 
turing  plants  show  that  no  measur¬ 
able  field  strength  exists  beyond 
300  feet  from  the  equipment.  Thus 
it  appears  that  usually  no  shielding 
beyond  that  required  for  safety 
will  be  necessary  for  induction 
heating  installations.  Similar  meas¬ 
urements  made  on  two  15-kilowatt 
dielectric  heating  installations,  op¬ 
erating  near  10  megacycles  without 
special  shielding,  gave  average  field 
strengths  as  shown  in  Fig.  1. 

From  a  paper  presented  at  the  IKE  1945 
Winter  Technical  Meeting  in  New  York. 
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FIG.  1 — Average  field  strength  of  two 
dielectric  heating  installations  (solid 
line)  closely  follows  the  inverse  square 
slope  relation 
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Heating  Installations 


Field  intensity  measurements  in  the  vicinity  of  a  9-Mc 
electronic  generator  show  effects  of  various  shields, 
grounding  arrangements  and  line  filters  on  radiation 
when  feeding  6  kw  into  a  dummy  load.  An  oscillat¬ 
ing  wavemeter  locates  points,  of  radiation  leakage 


sheet  copper  top  of  the  work  table. 
This  arrangement  is  shown  in  Fig. 
3.  The  plate  power  input  to  the  gen¬ 
erator  was  6  kw,  which  remained 
constant  throughout  the  tests.  The 
frequency  was  9  Me.  The  ^  voltage 
across  the  load  was  4000  volts. 
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FIG.  4 — Thr*e-phase  line  filter  Ipserted 
in  the  power  line  serving  the  electronic 
generator 


was  then  reduced  to  1.2  microvolt. 

Following  this  a  number  of 
changes  were  made,  such  as  in¬ 
sulating  the  low-voltage  applicator 
electrode  from  the  top  of  the  work 
table,  adding  a  three-inch  tube 
shield  over  the  l|-inch  transmis¬ 
sion  line,  and  putting  the  applicator 
inside  a  second  shielded  box.  All 
these  changes  produced  variations 
in  field  strength,  some  increasing  it, 
some  decreasing  it,  but  never  get¬ 
ting  it  below  about  0.93  microvolt. 
Even  connecting  and  disconnecting 
the  copper  ground  sheet  from  the 
cage  made  very  little  difference. 

Then,  for  another  reason,  the 
ground  sheet  was  removed  from  un¬ 
der  the  generator  door  and  the  field 
strength  immediately  dropped  to 
0.3  microvolt.  The  sheet  acted  as  an 
antenna  as  long  as  it  extended  into 
the  generator  compartment.  This 
indicated  that  about  as  much  radi¬ 
ation  was  leaking  out  of  the  various 
holes  and  cracks  in  the  generator 
cabinet  as  out  of  the  work  enclos¬ 
ure  ;  consequently,  the  transmission 
line  was  disconnected  from  the  gen¬ 
erator  and  a  means  was  sought  of 
detecting  points  of  maximum  radi¬ 
ation  around  the  cabinet. 


Unshieldtd  Work  Table 

The  first  measurement  was  made 
with  no  shielding  of  any  kind  over 
the  work  table.  The  resulting  field 
strength  was  316  microvolts  at  one 
mile.  From  this  starting  point  some 


FIG.  3 — Dummy  load  for  work  table, 
and  method  of  shielding  table  with 
copper 


line  just  ahead  of  the  generator 
and  check  readings  were  taken  at 
each  place.  No  appreciable  reduc¬ 
tion  in  field  strength  could  be 
found.  The  result  was  the  same 
when  the  filter  was  tried  in  this 
test.  Radiation  from  other  sources 
was  so  strong  that  reduction  of  ra¬ 
diation  from  the  power  line  was 
too  small  to  be  readable. 


FIG.  2 — Harmonic  field  strength  from  a 
15-kw  dielectric  heating  generator, 
measured  at  900  feet  and  converted  to 
one-mile  values 


Use  of  Shielding  Cage 

The  first  attempt  at  shielding  was 
to  place  a  cage  over  the  work  table. 
This  cage  was  5x5x5  feet  and  was 
covered  with  16-mesh  bronze  wire 
screening  turned  under  the  bottom 
edges  so  that  it  would  make  con¬ 
tact  •  with  the  sheet  copper  work 
table  top  all  around.  The  small  ac¬ 
cess  door  was  covered  by  a  piece  of 
;^-inch  sheet  copper  which  over¬ 
lapped  the  door  opening  about  one 
inch  on  all  four  sides.  This  cage  re¬ 
duced  the  field  strength  to  1.3 
microvolt. 

To  provide  a  very  low-impedance 
return  circuit  a  two-foot-wide  sheet 
of  copper  was  run  from  the  work 
table  top,  under  the  door  of  the  gen¬ 
erator  cabinet,  direct  to  the  oscil¬ 
lator  filaments.  The  field  strength 


150  readings  were  taken  before  the 
many  sources  of  radiation  were  lo¬ 
cated  and  the  field  strength  was  re¬ 
duced  to  noise  level.  However,  only 
the  more  significant  values  will  be 
mentioned  here. 

In  order  to  determine  how  much 
of  the  radiation  could  be  attributed 
to  the  incoming  power  line,  a 
three-phase  low-pass  filter  consist- 
mg  of  a  pi  arrangement  of  two 
0-l-/if  capacitors  and  a  4.4-/ih  choke 
per  phase  was  mounted  as  in  Fig.  4. 
At  the  time  the  field  measurements 
^ere  made  on  the  industrial  instal¬ 
lations  previously  mentioned,  this 
filter  was  inserted  in  the  power 


Laakag*  Racllatioa  Datactor 

The  instrument  finally  developed 
for  this  detective  work  was  a  small 
shielded  loop  coupled  to  an  oscil¬ 
lating  wavemeter  which  provided 
indications  on  a  grid  meter  for 
strong  signals  and  by  heterodyne 
beat  in  headphones  for  weaker  sig¬ 
nals.  This  instrument  proved  ex¬ 
tremely  valuable  throughout  the 
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wire,  was  removed.  This  piece  of 
rubber-covered  cord  had  been  the 
source  of  all  radiation  charged  to 
the  remote  control  wiring. 

The  .above-described  system  of 
shielding  was  quite  complicated. 
The  double-shielded  transmission 
line  and  double  load-shield  were 
particularly  undesirable;  therefore, 
an  attempt  was  made  to  simplify 
the  shielding  without  significantly 
increasing  the  field  strength. 


investigation.  It  is  shown  in  Fig.  5. 
With  the  help  of  the  loop  it  was 
easy  to  find  that  the  oscillator  cab¬ 
inet  door  joints  were  the  strongest 
source  of  radiation.  By  coupling 
the  loop  close  to  the  surface  of  the 
cabinet  it  was  possible  to  map  the 
direction  of  current  flow  around 
the  various  portions  of  the  cabinet. 

CaesM  of  Leakage  Radiotioe 

Sealing  the  door  was  first  at¬ 
tempted  by  bridging  the  joints  with 
small  copper  clips,  but  this  was  far 
from  satisfactory.  Eventually  the 
door  was  continuously  bonded  with 
weather  stripping  made  of  bronze 
screen  extending  all  the  way 
around..  Only  then  did  radiation 
from  this  source  become  undetect¬ 
able. 

Meters  and  controls  which  ex¬ 
tended  through  the  front  panel 
were  also  quite  capable  radiators 
and  had  to  be  shielded  by  wire 
screening  between  the  back  of  the 
panel  and  the  r-f  circuits.  Radia¬ 
tion  from  the  i-inch  mesh  ven¬ 
tilator  grill  in  the  top  of  the  cabi¬ 
net  was  also  strong  until  the  venti¬ 
lator  was  covered  with  16-mesh 
screening.  The  remote  control  and 
safety  interlock  wiring  were  found 
to  be  good  radiators  and  they  were 
entirely  disconnected.  Thus  one 
small  source  of  radiation  after  an¬ 
other  was  eliminated  until  the  field 
strength  from  the  generator  alone 
was  reduced  to  0.06  microvolt. 

Addition  of  the  transmission  line 
and  load  then  raised  the  radiation 
to  0.37  microvolt,  whereas  the  value 
was  0.3  microvolt  before  any  shield¬ 
ing  was  done  on  the  generator  cabi¬ 
net.  This  result  emphasizes  the  fact 
that  the  measurement  of  the  field 
strength  is  not  a  particularly  re¬ 
liable  method  for  determining  the 
effectiveness  of  various  shielding 
measures  unless  measurements  are 
made  at  more  than  one  point  around 
the  installation. 

Two  improvements  in  the  gener¬ 
ator  shielding,  each  of  which  pro¬ 
duced  a  definite  reduction  of  field 
at  the  meter  when  applied  separ¬ 
ately,  may  often  show  an  increase 
of  field  at  the  meter  when  applied 
together.  Many  interference  effects 
of  this  nature  were  noted. 

After  some  further  improve¬ 
ments  of  the  inner  load-shield  and 
after  connecting  the  inner  and 
outer  transmission  line  tubes  sep- 


Soldering  Iron  Phenomenon 


FIG.  5 — Circuit  oi  oscillating  ware- 
meter  used  to  detect  points  of  radiotion 
leedcage  oround  cabinet  oi  electronic 
heating  generator 


The  outer  transmission  line  tube 
was  removed  and  both  load-shields 
were  connected  to  the  remaining 
outer  conductor.  This  doubled  the 
indicated  field  strength  to  0.09  mi¬ 
crovolt.  Removal  of  the  inner  load 
shield  raised  the  value  to  0.12 
microvolt  where  it  stayed,  in  spite 
of  a  number  of  additional  changes, 
until  a  soldering  iron  was  plugged 
into  a  nearby  receptacle.  The  field 
strength  immediately  dropped  to  an 
extremely  low  value.  This  was  an¬ 
other  interference  phenomenon 
which  was  found  to  be  due  to  volt¬ 
age  picked  up  by  the  iron  cord  from 
the  cage  leakage.  It  helped  to  force 
the  reinstatement  of  an  inner  load- 
shield. 

A  new  inner  shield  of  IB-mesh 
bronze  screening  was  fastened  to 
the  inside  of  the  wooden  frame 
which  supported  the  original  sin¬ 
gle  shield.  The  screening,  turned 
under  the  edge  of  the  frame,  made 
contact  with  the  outer  shield  all 
around.  The  frame  was  set  down 
on  the  copper  work  table  top  as 
before.  The  field  strength  with  this 
arrangement  was  0.007  microvolt 
and  no  longer  could  any  voltage  be 
detected  on  the  iron  cord. 


arately  to  the  inner  and  outer  load 
shields,  the  radiation  was  reduced 
to  0.05  microvolt. 


Spueial  Ground  Not  Needed 

All  the  previous  tests  had  been 
made  with  the  system  connected  to 
the  driven  ground  pipe.  This  con¬ 
nection  was  now  broken,  but  no 
change  in  field  strength  resulted. 
Connections  to  various  other 
grounded  objects  were  made  and 
broken  without  effect.  It  appears 
that  in  a  reasonably  well  shielded 
system,  if  any  ground  at  all  is  re¬ 
quired  for  reduction  of  radiation, 
the  ordinary  electrical  conduit  or 
Underwriters’  safety  ground  is  suf¬ 
ficient. 

In  order  to  make  the  installation 
complete,  the  remote  control  station 
wiring,  which  had  been  discon¬ 
nected  at  the  beginning  of  the  tests, 
was  replaced.  The  field  went  up  to 
0.74  microvolt  and  did  not  come 
down  again  until  a  warning  lamp, 
which  had  been  connected  into  the 
remote-control  box  with  unshielded 


mici 

door 

volt. 


Effeetlvunuss  of  Lino  Filter 

Now  that  most  of  the  other  radi¬ 
ation  had  been  eliminated,  the  line 
filter  became  an  important  part  of 
the  system,  for  when  the  filter  was 
disconnected,  the  field  strength 
rose  to  0.31  microvolt.  No  further 
changes  in  arrangements  inside  the 
cage  had  any  effect  on  the  field 
strength.  The  insulated  lower  ap¬ 
plicator  electrode  was  removed, 
j;hus  making  the  table  top  serve  aa 
the  electrode  and  carry  the  total 
load  current,  but  no  appreciable  in¬ 
crease  in  field  occurred.  The  final 
arrangement  is  shown  in  Fig.  6- 


TABLE  I.  Summary  of  Shielding  Tesb 
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Field 

Strength  in 
CopdKiont  MV/Meter 

Converted  to 

1  Mile 

ToUl 
Attenue- 
tion 
in  db 

As  Installed;  No 

Load  Shielding 

316. 

0 

Single-Screen  Cage 
Over  Load 

1.3 

45 

Generator  Cabinet, 
Shielded 

0.12 

69 

Double-Screen  Cage 
Over  Load 

0.007 

93 

Double-Screen  Door 
On  Cage 

0.0036 

99 

Slot  1  x30  in.  with 

8  in.  Extension 

0.4 

78 

FIG.  6— Final  arrongement  oi  work  tablo,  with  dummy  load 
on  low-Toltago  eloctrodo  diot  ii  innulotod  from  tho  coppor  top 
of  tho  work  toblo 


Rodiotion  dotoctor  and  March  coil  uMd  for  locating  points 
around  doors  of  shioldod  cage  at  which  appreciable  radiation 
wos  escoping  into  space 


'  Up  to  this  time  a  copper  sheet  mains  to  be  done  it  appears  that  the 
bonded  to  the  outer  screen  had  extension  of  the  edges  of  a  cage 
been  used  as  the  cage  door.  This  opening  offers  a  possibility  of  pro- 
was  now  replaced  with  bronze  viding  open  entrance  and  exit  doors 
screening  bonded  to  the  outer  without  allowing  excessive  radia- 
screen.  The  field  rose  from  0.007  tion. 
to  0.01  microvolt.  With  the  single 
screen  door  bonded  to  the  inner 
screen  the  value  went  back  to  0.007 
microvolt,  and  with  a  double-screen 
door  it  dropped  to  0.0036  micro¬ 
volt.  A  field  strength  of  0.0036 
microvolt  is  quite  small  compared 
to  the  original  316  microvolts;  it 
represents  a  reduction  of  about  85,- 
000  to  1. 


per  plated  and  conductively  bonded 
at  the  joints.  (The  copper  provides 
a  better  and  more  permanent  con¬ 
tact  across  wall  joints). 

All  wiring  and  components  not 
essential  to  the  r-f  circuits  should 
be  kept  outside  of  this  r-f  compart¬ 
ment.  This  refers  to  control  wir¬ 
ing  and  especially  meters  or  con¬ 
trols  which  may  extend  through  the 
walls  of  the  main  cabinet.  Any 
ventilators  should  be  covered  with 
small-mesh  bronze  screening.  Sec¬ 
ond,  any  access  door  into  the  r-f 
enclosure  must  be  conductively 
bonded  along  all  edges.  If  this  is 
not  done,  the  door  will  be  a  major 
source  of  radiation.  Third,  a  good 
low-pass  filter  should  be  provided 
in  the  power  supply  line. 

The  shielding  of  the  transmis¬ 
sion  line  and  of  the  work  appli¬ 
cator  and  tuning  equipment  will 
then  control  the  amount  of  radia¬ 
tion  from  the  system.  When  the 
double  screen  cage  is  used,  the  two 
screens  may  be  in  contact  with  each 
other  at  points  such  as  access  open¬ 
ings;  both  should  maintain  good 
contact  with  a  single  sheet-copper 
floor  which  may  be  used  as  an  ap¬ 
plicator  electrode  if  desired. 

No  unshielded  wires  should  be 
run  into  or  out  of  the  system.  The 
use  of  special  external  ground  con¬ 
nections,  such  as  wires  to  water 
pipes  or  to  buried  plates,  has  no  ap¬ 
preciable  effect  upon  the  reduction 
of  radiation. 

It  is  hoped  that  the  findings  of 
the  foregoing  investigation  may 
serve  as  a  reference  for  the  econom¬ 
ical  construction  of  load  shielding. 


Summary  of  Results 

For  convenient  comparison  the 
most  important  values  in  this  re¬ 
port,  together  with  the  correspond¬ 
ing  attenuation  in  db,  have  been 
tabulated  in  Table  I.  In  summar¬ 
izing  the  results  of  this  investiga¬ 
tion  it  is  well  to  divide  the  problem 
into  shielding  of  the  generator  and 
shielding  of  the  applicator.  Since 
the  shielding  of  the  generator  is 
the  simpler  of  the  two,  it  should  be 
done  as  completely  as  possible.  This 
involves  three  important  points : 
first,  the  radio-frequency  parts  of 
the  generator  circuit  must  be  en¬ 
closed  in  a  separate  section  of  the 
cabinet,  the  walls  of  which  are  cop- 


Shiuld  for  Couvoyer  Applications 

In  some  installations  it  is  desired 
to  pass  the  work  continuously 
through  the  applicator  by  some 
means  such  as  a  conveyor  belt.  This 
requires  an  opening  on  each  side 
of  any  shield  which  may  be  used. 
To  investigate  this  condition  a  hori¬ 
zontal  slot  30  inches  long  and  ad¬ 
justable  in  width  was  cut  in  the 
sheet  copper  cage  door.  With  a 
slot  T^-inch  wide,  a  field  of  0.00 
microvolt  was  produced.  A  one- 
inch  slot  raised  it  to  0.13  microvolt. 

The  first  attempt  at  reducing  this 
radiation  was  a  sort  of  vestibule 
having  the  same  cross-section  as 
the  slot  and  extending  outward  per¬ 
pendicular  to  the  side  of  the  cage, 
w  in  Fig.  7.  With  a  length  of  eight 
inches  this  device  reduced  the  ra¬ 
diation  from  the  A-inch  slot  to  0.01 
and  from  the  one-inch  slot  to  0.04 
microvolt.  These  values  compare 
favorably  with  those  previously 
obtained.  Although  more  work  re- 


FIG.  7 — Motked  oi  attaching  a  Tostibulo 
to  tho  ihioldod  cago  ei  tho  work  toblo. 
ior  prorlding  coaToyor  bolt  oponings 
without  allowing  oxcoMiTO  radiation 
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F-M  F  lELD  Survey 


Detailed  description  of  the  procedure  used  to  secure  data  for  plotting  actual  coverage 
contours  of  WMFM  as  required  by  the  FCC  one  year  after  an  f-m  station  first  goes  on 
the  air,  with  practical  data  on  equipping,  calibrating  and  using  a  field  car 


ONE  YEAR  from  the  date  of  the 
first  regular  operation  of  a 
high-frequency  f-m  broadcast  sta¬ 
tion,  a  survey  must  be  submitted 
to  the  Federal  Communications 
Commission  establishing  the  actual 
field  intensity  contour.  Continuous 
field  intensity  records  are  made 
along  each  radial  specified  in  the 
construction  permit  (CP),  and  the 
actual  routes  of  the  field  car  are 
plotted  on  a  map  along  with  the 
two  service  contours.  The  primary 
service  area  then  corresponds  to  the 
area  inside  the  1000-microvolt  con¬ 
tour,  and  the  secondary  service  area 
is  inside  the  50-microvolt  contour. 


Transmitter  Power  Requirements 

During  the  months  of  August 
and  September,  1943,  a  survey  like 
this  was  made  to  prove  the  antenna 
performance  of  WMFM,  one  of  the 
Milwaukee  Journal’s  radio  stations. 
In  order  that  the  calculated  dis¬ 
tance  to  the  50-microvolt  contour 
would  conform  with  the  map  at¬ 
tached  to  the  CP,  an  effective  radi¬ 
ated  power  of  41.5  kilowatts  was 
necessary  to  deliver  the  desired 
coverage  of  8500  square  miles. 

The  radiating  system  of  WMFM 
consists  of  a  two-bay  turnstile  an¬ 
tenna  which  has  a  power  gain  of 
1.23.  The  required  transmitter 
power,  for  an  effective  power  radia¬ 
tion  of  41.5  kw,  is  therefore  41.5 
divided  by  1.23,  or  33.8  kw.  The 
loss  in  the  coaxial  transmission 
lines  to  the  antenna  was  computed 
to  be  2.5  kw,  thereby  requiring  an 
increase  in  the  transmitter  output 
X)ower  to  36.3  kilowatts.  WMFM 
uses  a  50-kw  REL  521DL  f-m 
transmitter  with  a  power  input  to 
the  final  stage  of  60.5  kilowatts. 


The  50  and  1,000-microvolt  con¬ 
tour  lines  were  determined  by  tak¬ 
ing  continuous  measurements  along 
each  of  eight  radials  spaced  45  deg 
apart,  using  an  RCA  301A  v-h-f 
field  intensity  measuring  set  with 
a  93A  vibrator  power  unit. 

The  field  intensity  meter  was  de¬ 
signed  for  measuring  field  intensi¬ 
ties  of  stations  operating  in  the 
high-frequency  spectrum,  for  the 
purpose  of  checking  antenna  effi¬ 
ciency,  service  area  and  carrying 
out  research  or  propagation 
studies.  The  instrument  covers  the 
band  of  20  to  125  megacycles  and 
has  a  range  of  10  to  500,000  micro¬ 
volts  when  used  in  the  f-m  band 
(officially  designated  as  the  high- 
frequency  broadcast  band).  It  is 
designed  particularly  for  field  use 
and  consists  of  three  units— the 
field  meter,  antenna  and  power 
supply.  The  primary  source  of 
power  to  the  vibrator  unit  is  a 
non-spillable  storage  battery  de- 


FIG.  1 — Tower,  transmission  lines  and 
turnstile  antenna  system  used  by 
WMFM  at  Richfield,  Wisconsin 


The  indirect  method  of  computing 
the  output  power  was  used,  assum¬ 
ing  an  efficiency  of  60  percent  for 
the  power  amplifier.  The  operating 
power  then  is  0.6  E„  /„,  where  E,  is 
the  plate  voltage  applied  and  /,  is 
the  total  plate  current  of  the  last 
radio-frequency  amplifier  stage. 
This  results  in  36.3  kilowatts  being 


sig 


fed  to  the  transmission  lines  and  eig 
an  effective  41.5  kilowatts  being  Th( 
radiated.  An 

The  turnstile  antenna,  shown  in  I 

Fig.  1,  is  mounted  on  a  200-foot  mo 
self-supporting  tower  and  has  a  in  j 
total  effective  height  to  the  center  in 
of  the  array  of  224  feet.  The  STL  equ 
receiving  antenna  platform  is  in-  tak 
corporated  in  the  tower  design.  The  thii 
eight  transmission  lines  on  the  frii 

tower,  each  feeding  a  single  an-  1 

tenna  element,  can  also  be  seen.  set 

The  transmitter,  located  about  21  fieli 

miles  northwest  of  Milwaukee  do\’ 

proper  and  about  15  miles  inland  Thi 

from  Lake  Michigan,  was  described  the 

in  a  previous  article,’  the 

ant 
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signed  to  operate  continuously  for 
eight  hours  without  recharging. 
The  recorder  was  an  Esterline- 
Angus  model  AW  5-ma  instrument. 

The  equipment  was  securely 
mounted  on  rubber  kneeling  pads 
in  a  Dodge  delivery  truck,  as  shown 
in  Fig.'  2.  In  addition  to  these 
equipments  an  f-m  receiver  was 
taken  along  to  monitor  the  station; 
this  proved  valuable  at  the  outer 
fringe  of  the  service  area. 

The  antenna  of  the  measuring 
set  was  mounted  on  the  roof  of  the 
field  car  and  the  support  extended 
down  through  to  the  floor  inside. 
This  made  it  possible  to  control 
the  antenna  from  the  inside  while 
the  field  car  was  in  motion.  The 
antenna  used  at  the  transmitter  is 


-View  oi  the  v-h-i  field  intensity  measuring  set  mounted  in  the  car  and 
ready  for  use.  At  the  left  is  a  noise  meter 


a  horizontal  turnstile,  and  conse-  line  to  the  field  measuring  set, 
quently  similar  polarization  was  which  in  turn  was  connected  to  the 
used  for  the  car  antenna.  A  Esterline-Angus  recording  milliam- 
marker  was  attached  to  the  base  meter.  Figure  3  is  a  picture  of  the 
of  the  antenna  mast  and  set  up  to  field  car  with  the  antenna  mounted 
indicate  the  relative  position  of  the  in  place, 
dipole  above.  This  was  helpful 

when  the  field  car  made  turns  along  Calibration  of  Field  Car  Installation 
the  highway,  and  minimized  time  The  metal  in  the  truck  body  made 
in  orienting  the  antenna.  The  out-  it  necessary  to  check  and  recali- 
put  of  the  antenna  was  connected  brate  the  measuring  instrument, 

by  means  of  a  flexible  transmission  Therefore,  before  the  equipment 

was  installed  in  the  field  car ,  the 
measuring  set  was  taken  to  a  loca¬ 
tion  well  away  from  and  free  of 
y  I II .1  ■  I ■  in.! power  lines,  fences  and  buildings. 

_  The  nearest  obstacles  were  more 

■  '  than  300  feet  distant.  A  compass 

i  rose  was  laid  out  and  readings 

taken  to  determine  the  field  in¬ 
tensity  in  this  local  area.  The  sig¬ 
nal  intensity  in  this  open-field  area 
was  found  to  be  1634  microvolts, 
‘  ..  and  no  fading  existed  here  to  upset 

the  calibration.  The  antenna  length 
was  54  inches,  or  about  0.21  wave¬ 
length  each  side  of  the  dipole  for 
the  above  tests.  The  height  of  the 
antenna  was  adjusted  to  13.5  feet, 
^  which  was  the  maximum  height  of 

i9P  the  telescopic  support. 

A  semi-permanent  installation 
was  then  made  in  the  field  car.  It 
was  found  that  the  top  of  the 
truck  body  did  not  present  a  uni¬ 
form  capacitance  back  to  the  an¬ 
tenna  as  it  was  rotated  over  360 
degrees.  After  several  tests  it  was 
determined  that  the  antenna  had 
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FIG.  3 — View  of  the  fieTd  car  with  the  telescopic  an'.enna  raised.  The  antenna 
piTOts  on  a  bearing  inside,  permitting  orientation  for  maximum  signal 
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to  be  elevated  slightly  more  than 
one  quarter  wavelength  above  the 
steel  top  in  order  to  minimize  the 
effect  of  the  truck  body.  It  was 
deemed  necessary  to  ^  set  up  and 
calibrate  this  variation  as  the  truck 
body  was  rotated  in  relation  to  the 
transmitting  station.  The  compass 
rose  previously  laid  out  by  driving 
wooden  stakes  in  a  circle  was  used 
to  recalibrate  the  unit.  Readings 
were  taken  at  each  80-degree  posi¬ 
tion  and  the  antenna  always  ori¬ 
ented  to  deliver  the  maximum  field 
intensity  as  the  truck  body  was 
rotated  through  860  degrees.  The 
placement  of  the  antenna  with  ref¬ 
erence  to  the  body  of  the  truck  can 
be  seen  in  Fig.  4,  which  corresponds 
to  the  270-degree  position  shown  in 
Table  I. 

The  highest  sigrnal  intensity  was 
received  at  positions  2  and  8,  cor¬ 
responding  to  1577  (iv  per  meter. 
The  lowest  signal  received  was  1520 
/iv  per  meter,  at  positions  4-5-6-7. 
Prior  to  the  installation  on  the 
field  car,  a  signal  of  1684  nv  per 


meter  was  received  at  this  identi¬ 
cal  location.  This  represents  a  re¬ 
duction  of  57  microvolts  at  posi¬ 
tions  2  and  8  and  114  microvolts 
at  4-6-6-7  when  introducing  the 
metallic  body  of  the  truck  in  the 
field.  ‘ 

Correction  of  Antenna  Constant 

From  the  data  in  the  instruction 
book  furnished  with  the  field  in¬ 
tensity  instrument  it  was  found 
that  an  antenna  constant  of  9.5 
was  needed  to  carry  out  the  com¬ 
putation  for  the  field  intensity  at 
45.5  megacycles.  This  constant 
takes  care  of  any  losses  in  the  80- 
foot  transmission  line  from  the  di¬ 
pole  to  the  input  terminals  of  the 
field  meter.  Changing  this  constant 
was  a  very  convenient  way  to  com¬ 
pensate  for  any  effect  that  the 
truck  body  might  have  on  the  pick¬ 
up  antenna.  The  new  constant  K 
was  found  by  the  following  form¬ 
ula:  K  =  1684  /iV  attenuator 
scale  X  meter  reading  in  mil- 
liamperes. 


FIG.  4 — Graph  showing  the  Tariation  oi 
the  antenna  constant  with  the  position 
of  the  field  car  in  relation  to  the  direc¬ 
tion  of  the  traiumitter  as  the  only  Tori- 
able.  The  dipole  antenna  was  oriented 
for  maximum  signal  for  each  new  posi¬ 
tion.  and  the  transmitter  power  held 
constant 

The  field  unit  was  used  only  for 
measurements  while  moving  di¬ 
rectly  away  from  the  transmitting 
station,  and  therefore  calibrations 
were  made  for  only  the  rear  and 
the  two  sides  of  the  truck,  as  shown 
in  Fig.  4.  Positions  2  to  8  were 
averaged,  and  resulted  in  a  change 
of  the  antenna  constant  from  9.5 
to  10.0.  The  overall  height  of  the 
antenna  then  was  permanently 
fixed  on  the  field  car  at  18.5  feet 
above  the  ground  or  6.5  feet  above 
the  metal  roof.  After  all  the  radials 
were  run,  the  calibration  of  the 
measuring  set  was  again  checked 
under  the  same  conditions  and 
found  to  be  the  same. 

Percent  Modnlation  Was  Lowered 

It  should  be  realized  that  this 
method  of  continuous  recording  of 
field  intensity  is  quite  different 
from  that  used  in  the  regular 
broadcast  band.  Here  the  meas¬ 
urements  are  generally  made  at 
isolated  points  free  of  wires  and 
other  obstructions,  and  under  fav¬ 
orable  conditions.  The  measuring 
instrument  used  was  primarily 
meant  for  a-m  use  and  has  a  band¬ 
width  of  about  50  kc.  Modulating 
the  f-m  transmitter  at  full  100 
percent,  corresponding  to  a  swing 
of  ±75  kc,  produced  an  excessive 
variation  on  the  field  meter.  Conse¬ 
quently,  during  the  periods  that  the 
measurements  were  being  taken 
the  overall  percentage  of  modula¬ 
tion  was  dropped  by  lowering  the 
audio  input  to  the  transmitter  un¬ 
til  satisfactory  stability  was  ob¬ 
tained.  This  was  achieved  by  low¬ 
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Raadina 

Field  IntemHy 

New  Antenna 

No.  Anflt 

Seal* 

in  na  In  Mv/n,  uilni  K  »9.5 

Comtant  K 

1  60° 

*0 
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9.96 

4  330° 

*0 

B.O 

15*0 

10.*1 

5  300° 

*0 
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FIG.  5 — Signals  recorded  with  equipment  shown  in  Fiq.  2  emd  3 


ering  the  input  4  to  5  db.  Satisfac¬ 
tory  monitoring  of  the  program 
modulation  could  not  be  obtained 
with  this  amplitude  instrument  so 
the  signal  was  monitored  on  the 
f-m  receiver  which  was  carried 
along. 


eled  by  the  field  car  in  relation  to 
each  radial  are  shown  in  Fig.  6. 
In  some  cases  wide  deviations  from 
the  radials  were  necessary  because 
of  rivers  and  their  lack  of  bridges. 
This  was  the  case  on  radial  No.  1 
where  it  was  impossible  to  cross 
the  Milwaukee  River.  Another  case 
was  on  radial  No.  6  at  Janesville, 
where  the  Rock  River  interfered. 
On  the  northwest  radial  a  large 
area  known  as  Horicon  Marsh 
made  passage  impossible.  Most 
township  roads  run  east  and  west, 
with  very  few  diagonal  roads, 
hence  trouble  was  also^  experienced 
with  the  radials  going  northwest, 
southwest  and  northeast.  On  the 
southeast  radial  a  diagonal  high¬ 
way,  U.S.  41,  ran  directly  along 
the  radial  and  through  the  city  of 
Milwaukee. 

The  antenna  height  above  the 
car  proved  to  be  rather  awkward 
during  the  field  runs  and  trouble 
was  experienced,  particularly  on 


country  roads.  The  antenna  had  to 
be  replaced  several  times  because 
of  the  driver’s  inability  to  spot 
electric  fence  wires  strung  rather 
low  across  the  highway,  or  because 
of  overhanging  branches.  One 
radial  per  day  was  all  that  could 
be  accomplished.  This  was  parti¬ 
ally  due  to  the  regular  program 
schedule  which  began  at  noon  and 
therefore  necessitated  a  late  start. 


Field  Work  and  Rontot 

In  planning  for  the  runs  on  each 
of  the  eight  radials,  care  was  taken 
to  see  that  they  were  carried  well 
beyond  points  of  predicted  service, 
80  as  to  arrive  at  a  sufficiently  ac¬ 
curate  determination  of  the  con¬ 
tour  boundary.  This  is  particularly 
important  at  the  50-microvolt  con¬ 
tour  because  of  distance  to  be  re¬ 
travelled  if  the  field  records  are 
found  to  be  incomplete.  The  radi¬ 
als  were  spaced  approximately  45 
degrees  about  the  transmitter. 

The  survey  was  conducted  only 
during  the  daylight  hours.  While 
driving  along  the  radials  a  uniform 
driving  speed  of  15  miles  per  hour 
was  maintained  and  a  sufficient 
number  of  landmark  and  roadway 
notations  were  written  on  the  rec¬ 
ord  for  later  chart  analysis.  These 
locations  were  noted  on  the  chart 
as  often  as  necessary,  so  it  was 
easy  to  determine  the  exact  loca¬ 
tion  of  the  field  car  when  the  chart 
analysis  was  made  later  on.  This 
definitely  fixed  the  relation  of  the 
car  location  to  the  measured  field 
intensity.  Figure  5  shows  a  record 
taken  on  radial  6  between  sectors 
16  and  18,  corresponding  to  32  and 
39  miles  from  the  transmitter. 

In  choosing  the  routes  for  the 
car,  roads  were  chosen  that  ran 
parallel  (or  nearly  so)  to  the  radi¬ 
als,  as  deviations  of  the  topography 
can  cause  a  great  difference  in  the 
i^orded  results.  The  routes  trav- 


Pradicted  vt.  M«asnr«d  R«snIH 

After  the  measurements  were 
completed,  the  charts  from  the  re¬ 
cording  meter  were  analyzed.  The 
first  step  was  to  divide  them  into 
sections,  each  representing  a  sec¬ 
tor  of  a  radial  along  the  to¬ 
pographic  map.  Each  sector  was 
not  more  than  one  tenth  of  the 
service  radius  or  not  more  than 
five  miles  ifi  maximum  length.  The 
charts  of  the  field  intensities  were 
analyzed  to  determine  the  electric 
field  intensity  obtained  50  percent 
of  the  distance  along  each  sector.* 
This  will  be  referred  to  as  the 
median  field  intensity  for  antenna 
height  of  13.5  feet.  The  value  is 
associated  with  each  particular 
sector  and  is  presented  in  tabular 
form.  An  example  of  one  of  these 
tabulations,  shown  in  Table  II,  was 
compiled  from  the  data  taken  along 
radial  8. 

Column  1  of  Table  II  is  the  sec- 
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•  In  the  StnndardH  of  Good  Ensineerlng 
Practice  for  HiKh  Frequency  Brondcaat  Sta- 
tiouH’’,  set  up  by  the  Federal  Comniunlca- 
tiona  ConimlsHlon,  la  the  <lefliiitlon  ;  “The 
signal  Intensity  for  the  50-ndcrovolt  per 
meter  50  percent  dlatnnce  la  Interpreted  to 
mean  the  contour  bounded  by  the  sector  on 
a  radial  on  FCC  map  No.  41722,  Signal 
range  for  high  frequency  broadcast  stations, 
wherein  the  signal  of  the  stnthm  for  50  piT- 
cent  of  the  distance  represented  by  the  sec¬ 
tor  of  the  radial  Is  equal  to  50  mlcrorolts 
per  meter.  The  boundary  of  the  service  area 
shall  be  taken  as  the  outer  edge  of  the  sector 
nearest  the  transndtter  wherein  the  signal 
Is  the  desired  value  for  50  percent  of  the 
distance.” 
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FIG.  6 — ^Map  of  the  eight  radials,  show¬ 
ing  the  deviotion  of  the  routes  traveled 
by  the  field  car  (dashed  lines)  with 
respect  to  the  radiols 
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tor  number.  The  next  column  is 
the  attenuator  setting  on  the  field 
meter.  Column  3  shows  the  dis¬ 
tance  from  the  transmitter  to  the 
end  of  each  sector.  Column  4  is 
the  median  field  reading  in  mil- 
liamperes  50  percent  of  the  dis¬ 
tance  along  each  sector.  The  fifth 
column  is  the  field  intensity  already 
computed  directly  in  microvolts  at 
13.5  feet.  This  is  the  product  of 
column  2  and  column  4  multiplied 
by  the  fixed  antenna  constant  of 
10.0.  Column  6  is  the  median  field 
intensity  at  30.0  feet.  Since  the 
field  intensity  is  directly  propor¬ 
tional  to  the  antenna  height  (above 
i  wavelength)  for  horizontal  polar¬ 
ization,  a  factor  of  2.2  was  used  to 
interpolate  the  field  intensity  val¬ 
ues  from  13.5  to  30  feet.  Column  7 
shows  the  maximum  field  reading 
in  milliamperes  in  each  sector  for 
an  antenna  height  of  13.5  feet.  The 
last  column  is  the  maximum  field 
intensity  obtained  about  10  per¬ 
cent  of  the  distance  at  30  feet,  and 
represents  the  peak  signal  value  in 
each  sector. 

For  reference  and  comparison 
purposes  the  values  of  field  in¬ 
tensity  are  referred  back  to  an  an¬ 
tenna  height  of  30  feet  since  this 
is  the  height  specified  by  the  Stand¬ 
ards  of  Good  Engineering  Prac¬ 
tice.  In  addition,  this  is  the  re¬ 
ceiving  antenna  height  at  which 
all  the  calculations  were  made  for 
the  original  construction  permits  of 
the  station.*’  *•  *’  ® 

From  column  6  of  Table  II,  the 
values  of  field  intensity  in  micro¬ 
volts  per  meter  at  30  feet  were 
plotted  graphically  against  distance 
in  miles  from  the  transmitter.  One 
of  the  eight  graphs  is  shown  as 
Fig.  7.  The  solid  line  is  the  meas¬ 
ured  signal  intensity  50  percent  of 
the  distance  in  each  sector.  The 


dashed  line  represents  an  average 
struck  to  obtain  the  signal  intensity 
at  any  intermediate  distance.  In¬ 
dicated  also  are  the  two  predicted 
contour  points,  shown  by  the  let¬ 
ter  notation  C.  It  is  evident  that  on 
this  radial  both  contours  fell  in¬ 
side  the  calculated  distance. 

A  comparison  of  measured  and 
predicted  values  of  field  intensity 
at  WMFM  for  all  eight  radials  it 
shown  in  Table  III.  Each  contour 
distance  was  tabulated  along  with 
the  predicted  distances  as  stated  is 
the  construction  permit  issued  by 
the  FCC.  Notice  that  the  50  /iv  per 
meter  contour  to  the  northeast, 
east  and  southeast  falls  in  Lake 
Michigan  and  could  not  be  meas¬ 
ured. 

Figure  8  shows  the  map  con¬ 
structed  from  the  data  given  in  the 
previous  chart.  The  solid  lines  on 
the  map  represent  the  predicted  60 
and  1,000-microvolt  contours,  while 
the  dashed  lines  show  the  actual 
measured  contours. 

The  5  and  2.5-millivolt  contour 
lines  are  not  drawn  on  the  map, 
but  Table  IV  shows  the  distances 
at  which  these  lines  fall. 

The  total  area  covered  by  the 
transmitter  is  about  12,000  square 
miles.  Thirty  percent  of  this  area 
falls  in  Lake  Michigan,  as  may  be 
seen  by  referring  to  the  map.  The 
Milwaukee  trade  area  extends 
many  more  miles  to  the  north  and 
west  than  it  does  to  the  south. 


FIG.  7 — Groph  constructed  from  dorta 
given  in  Table  11.  Similar  graphs  were 
made  for  each  of  the  other  seven 
rodiols 


Analysis  of  Diserapaneies 

The  predicted  area,  not  includ¬ 
ing  the  lake,  was  8,500  square 
miles,  which  is  the  area  specified 
in  the  present  license  for  WMFM. 
The  actual  measured  area  inside 
the  60-microvolt  per  meter  contour 
was  8400  square  miles  or  a  de¬ 
crease  of  about  one  percent.  The 
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Measured  50  jUy/M  '  | 


FIG.  8 — ^Mop  showing  the  measured  SO 
and  1000-microvolt  contours  os  heovy 
dashed  lines.  The  solid  line  represents 
the  predicted  contours.  The  primary 
service  extends  to  the  far  side  of  the 
city  of  Milwaukee  and  its  southern 
suburbs 
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TABLE  III. 

COMPARISON  OF  PREDICTED  AND  MEASURED  CONTOURS  FOR  WMFM 

DATA  FOR  1000-;tv/m  CONTOUR 

DATA  FOR  50-/4v/m  CONTOUR 
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7 
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• 
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area  inside  the  1,000  microvolt  per 
meter  contour  was  predicted  at 
1,860  square  miles  and  the  meas¬ 
ured  area  was  found  to  exceed  this 
by  90  square  miles  or  an  increase 
of  about  five  percent.  This  discrep¬ 
ancy  between  calculated  and  actual 
values  is  attributed  to  the  inability 
to  obtain  accurate  values  of  eleva¬ 
tion  of  the  topography  to  the  north 
on  radial  No.  8  when  the  predic¬ 
tion  was  made  for  the  construction 
permit.  It  is  along  this  radial 
where  the  predicted  signal  was  ex¬ 
ceeded.  This  section  of  the  state 
of  Wisconsin  had  never  been  sur¬ 
veyed,  and  therefore  there  were  no 
quadrangle  maps.  The  records 
available  gave  only  such  sparse 
data  as  the  positions  of  railroad 
stations,  airport  elevations  and  the 
like.  The  data  on  the  area  was  com¬ 
puted  by  the  use  of  a  planimeter  on 
the  original  airway  map. 

Within  the  1,000-microvolt  con¬ 
tour,  the  population  was  estimated 
at  834,607  based  on  the  1930  census 
figures.  The  predicted  and  meas¬ 
ured  distances  to  the  service  con¬ 
tours  on  the  various  radials  are  es¬ 
sentially  the  same  with  the  excep¬ 
tion  of  radial  8.  The  contour  dis¬ 
tance  at  this  point  extends  about 
7  miles  farther  out  but  no  city  of 
any  size  is  included  in  this  addi¬ 
tional  area.  This  small  variation 
from  the  predicted  contour  makes 
no  appreciable  change  in  the  popu¬ 
lation  served  by  the  station. 

Within  the  50-microvolt  contour, 
the  population  is  estimated  at  1,- 
522,544.  In  general,  the  measured 
results  show  the  50-microvolt  line 
to  be  2  to  3  miles  inside  the  pre¬ 
dicted  distance.  Exception  again  is 
made  in  the  case  of  the  north  radial 
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8,  where  the  measured  distance  ex¬ 
ceeded  the  predicted  by  6  miles. 
This  variation  makes  no  appreci¬ 
able  change  in  the  population  fig¬ 
ures  within  the  50-microvolt  serv¬ 
ice  area. 

At  the  50-microvolt  point  notice¬ 
able  fading  existed  on  several  ra¬ 
dials.  This  tended  to  influence  the 
analysis  of  the  field  measurements 
and  resulted  in  a  lower  than  pre¬ 
dicted  value  of  field  intensity  in 
some  areas.  Milwaukee  proper  and 
its  suburbs  has  a  population  of  766,- 
885  and  makes  up  the  major  market 
area  of  the  station. 

Fading 

In  conclusion,  a  few  words  on  the 
stability  of  the  signal  intensity  at 
the  outer  fringe  of  the  service  area 
and  points  closer  may  be  of  interest 
since  experience  has  shown  that  ap¬ 
preciable  fading  can  exist.  After 
reaching  the  end  of  a  particular 
radial  a  few  minutes  were  spent 
checking  the  approximate  place¬ 
ment  of  the  50-microvolt  contour. 
This  was  done  so  that  on  the  return 
trip  along  the  same  route  a  suitable 
spot  could  be  picked  as  close  to  the 
contour  as  possible  for  a  spot  check 
on  signal  fading.  A  position  was 
chosen  for  these  checks  which  was 


representative  of  the  country  trav¬ 
eled  and  which  was  also  free  of 
wires,  rather  than  a  position  suit¬ 
able  for  high  or  low  signal  inten¬ 
sity.  In  most  cases  several  hours  of 
recording  was  done  at  the  close  of 
the  daylight  hours  and  shortly  after 
sunset,  to  observe  diurnal  effects  if 
any  existed. 

One  recording  location  was  at 
Dotyville,  on  radial  8,  just  outside 
the  1,000-microvolt  or  primary  con¬ 
tour  line.  It  gave  a  signal  of  225 
microvolts  maximum  and  160  min¬ 
imum  at  13.5  feet.  This  is  an  over¬ 
all  variation  of  65  microvolts  with 
a  median  signal  of  200  microvolts. 
The  distance  to  this  point  from  the 
transmitting  antenna  was  34  miles. 

Another  location  at  which  fading 
was  observed  is  at  Sherwood,  also 
on  radial  8,  but  near  the  50-micro¬ 
volt  or  secondary  service  contour. 
The  distance  here  was  65  miles  to 
the  transmitter.  The  signal  reached 
a  maximum  of  25  microvolts  and  a 
minimum  of  7  with  a  median  signal 
of  17  microvolts  over  a  period  of 
22  .minutes,  as  shown  in  Fig.  9. 
These  checks  were  made  with  an  ef¬ 
fective  antenna  height  of  13.5  feet, 
and  to  be  correct  should  be  multi¬ 
plied  by  a  factor  of  2.2. 
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FIG.  9 — Record  of  the  foding  ot  Sherwood.  Wisconain.  on  radial  No.  8  at  a  point 
65  milea  from  the  tranamitter  ond  |uat  barely  inaide  the  aervice  areo  of  WMFM 
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FIG.  1 — Stages  in  a  typical  communications 
receiTor  having  automate  gam  control  oi 
the  r-f  canpliiier 


AGC-Noise  Considerations 
in  Receiver  Design 


Automatic  gain  control  is  considered  for  communications  receiver  service  from  the  stand¬ 
point  of  its  effect  on  signal-to-noise  ratio  at  various  signal  voltages.  The  desirability  of 
employing  high  gain  in  controlled  stages  and  the  limitations  of  such  use  are  pointed  out 


Automatic  control  of  the  output 
I  volume  of  radio  receivers  is 
so  universally  employed  that  there 
is  apt  to  be  a  tendency  to  simply  in¬ 
corporate  it  in  any  design  as  a  mat¬ 
ter  of  course.  It  is  the  purpose  of 
this  present  treatment  to  point  out 
and  discuss  some  of  the  factors 
that  are  not  always  obvious  but 
that  are  important  where  the  best 
possible  performance  must  be  ob¬ 
tained,  as  in  commercial  communi¬ 
cations  service;  also,  to  deal  with 
certain  compromises  that  often 
must  be  made. 

The  simplified  diagram  given  in 
Fig.  1  is  a  generalized  schematic 
arranged  to  show  the  functional 
sub-divisions  of  a  complete  receiver. 
Control  of  the  output  volume  is  ob¬ 
tained  in  this  generalized  receiver 
by  means  of  a  manual  volume  con¬ 
trol  in  the  a-f  amplifier  (for  phone 
service)  or  in  the  tone  keyer  (for 
telegraph  service).  The  output  vol¬ 
ume  thereby  can  be  adjusted  in¬ 
dependently  of  the  gain  of  the  r-f 
and  i-f  amplifiers.  For  this  reason, 
which  is  important  in  many  types 
of  equipment  for  commercial  serv¬ 
ice,  the  commonly-used  term  auto¬ 
matic  volume  control  (avc)  is  not 
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applicable.  The  preferable  term, 
which  will  be  employed  in  this  dis¬ 
cussion,  is  automatic  gain  control 
(age). 

Figure  2  gives  a  generalized 
schematic  circuit  of  a  three-stage 
r-f  amplifier,  with  age,  such  as 
might  be  used  in  the  complete  re¬ 
ceiver  of  Fig.  1.  A  particular  fea¬ 
ture  to  be  noted  in  this  circuit  is 
the  use  of  taps  on  the  tuned-circuit 
inductances.  The  purpose  of  these 
is  to  make  it  possible  to  obtain  any 
desired  value  of  overall  gain,  up  to 
the  maximum,  without  the  neces¬ 
sity  for  changing  the  tube  voltages 
or  operating  points  from  their  op¬ 
timum  values.  Other  features  of  the 
circuit  are  conventional,  except  per¬ 
haps  for  individual  r-f  filtering  of 
the  supply  voltages  to  each  tube. 
This  latter  is  essential  in  any  high- 
gain  r-f  amplifier  operating  at  the 
higher  frequencies. 

Diode  Output  vs  Carrier  Amplitude 

The  usual  criterion  of  age  action 
is  the  shape  of  the  characteristic  of 
rectified  output  vs  r-f  carrier  in¬ 


put.  Such  a  graph  shows  how 
nearly  constant  the  output  is  main¬ 
tained  over  the  indicated  range  of 
r-f  input  voltage.  For  some  pur¬ 
poses,  this  is  sufficient.  Such  data 
do  not,  however,  show  what  the  sig- 
nal-to-noise  ratio  in  the  output  will 
be.  For  reasons  which  will  be 
brought  out  in  following  para¬ 
graphs,  this  signal-to-noise  per¬ 
formance  may  be  quite  different 
over  a  wide  range  of  r-f  input  volt¬ 
ages  than  one  would  be  led  to  ex¬ 
pect  from  a  statement  of  noise 
equivalent  of  the  receiver. 

In  Fig.  3  are  shown  two  typical 
graphs  of  output  noise  level,  ex¬ 
pressed  in  db  below  100  percent 
modulation,  plotted  against  r-f  car¬ 
rier  input  signal  in  microvolts.  For 
the  moment,  let  us  consider  only 
the  general  features  of  these  two 
characteristic  graphs. 

Between  the  points  indicated  by 
A-A'  and  B-B\  the  graphs  are  lin¬ 
ear.  A  check  of  various  points  will 
show  that  the  noise  equivalent,  in 
microvolts  at  the  input  of  the  re¬ 
ceiver,  is  essentially  constant  over 
these  linear  portions  of  the  graphs. 
For  example,  a  noise  level  of  20  db 
below  100-percent  modulation  at 
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FIG.  2 — ThrM^tage  r-f  amplifier  ond  cooTerter  uied  for  purpose*  of  discussion  by  the  author.  Tops  on  the 
inductances  permit  adjustment  for  any  desired  value  of  gain  without  changing  other  operating  conditions 


a  carrier  input  value  of  2.6  micro¬ 
volts  (average)  gives  a  noise  equiv¬ 
alent  of  0.26  microvolts  at  the  re¬ 
ceiver  input.  This  method  of  ex¬ 
pressing  noise  levels  is  convenient 
and  useful  because  it  provides  a 
figure  which  can  be  compared  di¬ 
rectly  with  values  of  r-f  signal  in¬ 
put  in  microvolts. 

Effect  of  Increased  Signal 

The  ideal  condition  is  that  one  in 
which  the  noise  equivalent,  at  the 
receiver  input,  is  constant  regard¬ 
less  of  signal  strength.  Then,  and 
then  only,  is  the  full  benefit  of  in¬ 
creased  signal  strength  realized.  In 
the  curves  of  Fig.  3,  it  will  be  ob¬ 
served  that  the  characteristic  does 
not  continue  linear  at  the  higher 
values  of  input  signal.  Instead, 
each  characteristic  levels  off.  In¬ 
creasing  the  signal  input  ten  times, 
from  100  microvolts  to  1,000  micro¬ 
volts,  does  not  produce  a  corre¬ 
sponding  improvement  in  signal-to- 
noise  output  of  the  receiver.  A  fur¬ 
ther  increase  from  1,000  microvolts 
to  10,000  microvolts  produces  an 
even  smaller  improvement.  As  a 
practical  matter,  there  is  no  obj^t 
in  having  such  characteristics  con¬ 
tinue  linear  down  to  extremely  low 
levels  in  the  design  of  radio  re¬ 
ceivers  for  general  use.  The  level 
»t  which  the  characteristic  will  be 
permitted  to  flatten  off  is,  there¬ 
fore,  determined  by  practical  con¬ 
siderations  of  the  performance  re¬ 
quired. 

In  order  to  compare  different  per¬ 
formance  curves  directly,  some  com- 
nion  base  or  starting  point  must 


be  used  when  making  the  measure¬ 
ments.  For  the  curves  of  Fig.  3, 
the  starting  point  was  a  diode  out¬ 
put  of  0.1  ma  for  zero  r-f  input  sig¬ 
nal.  The  particular  equipment  used 
in  the  tests  maintains  a  diode  out¬ 
put  of  approximately  0.6  ma  at  nor¬ 
mal  operating  values  of  signal 
strength.  In  other  equipment,  a 
similar  ratio  between  normal  out¬ 
put  and  starting-point  output  of 
the  diode  could  be  used.  Adjust¬ 
ment  to  the  desired  value  of  recti¬ 
fied  output  for  zero  r-f  signal  input 
is  obtained  by  means  of  the  manual 
gain  control  associated  with  the  i-f 
system  as  shown  in  Fig.  1. 

The  flattening-off  level,  for  such 


curves  as  those  of  Fig.  3,  is  deter¬ 
mined  by  the  amount  of  r-f  gain 
employed  between  a  given  input 
stage  and  a  given  converter  (Fig. 
1).  Three  stages  are  shown  to  give 
the  required  r-f  selectivity  and  also 
the  desired  age^action  as  judged  by 
constancy  of  output  over  a  wide 
range  of  r-f  signal  input.  The  over¬ 
all  gain  is  fixed  at  a  desirable  value 
by  proper  choice  of  the  positions  of 
the  taps  on  the  coils  of  the  tuned 
circuits.  This  permits  obtaining  the 
desired  reduction  of  maximum  gain 
without  changing  tube  voltages  and 
operating  points  and  thereby  sac¬ 
rificing  age  performance. 

To  explain  the  foregoing,  let  us 


FIG.  3 — Output  noiso  lovol  In  db  bolow  lOO-psrcrat  modula* 
tion.  plotted  against  r-f  carrior  input  signal  in  microrolts 
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assume  some  values  of  noise  equiv¬ 
alent  and  of  gain.  The  noise  equiv¬ 
alent  at  the  input  of  the  receiver 
may  be  taken  as  0.3  microvolt;  and 
that  at  the  grid  of  the  converter  as 
3  microvolts.  Assume  a  value  of 
r-f  gain,  from  receiver  input  to  con¬ 
verter  grid,  of  1000/1  with  age  act¬ 
ing  and  an  input  of  1  microvolt. 
This  point  is  chosen  from  Fig.  3  as 
one  which  is  near  the  start  of  the 
linear  portion  of  both  character¬ 
istic  curves. 

CoBverter  NoIm 

The  values  of  amplified  signal 
and  noise  appearing  at  the  con¬ 
verter  grid  for  different  values  of 
r-f  input  are  given  in  the  accom¬ 
panying  table.  These  are  based  on 
the  somewhat  idealized  assumption 
that  the  age  action  holds  an  abso¬ 
lutely  constant  output  and  there¬ 
fore  a  constant  signal  level  at  the 
grrid  of  the  r-f  converter.  The  as¬ 
sumption  also  is  made,  for  the  pur¬ 
pose  of  this  simplified  illustration, 
that  the  second  and  third  stages 
contribute  no  appreciable  portion 
of  the  noise.  For  purposes  of  illus¬ 
tration,  these  assumptions  are  jus¬ 
tifiable;  the  errors  involved  being 
too  small  to  appreciably  affect  the 
validity  of  the  illustration. 

The  tabulated  figures  show  that 
at  low  levels  of  input  signal  the 
final  signal-to-noise  ratio  in  the 
output  of  the  receiver  is  determined 
by  the  signal-to-noise  ratio  exist¬ 
ing  at  the  input  of  the  receiver.  As 
the  signal  input  is  increased,  and 
the  age  action  comes  into  play,  the 
amplified  noise  appearing  at  the 
converter  grid  becomes  less  in  mag¬ 
nitude  compared  to  the  noise  equiv¬ 
alent  of  the  converter  itself.  The 


result  is  that,  at  the  higher  levels  of 
signal,  the  signal-to-noise  ratio  of 
the  output  of  the  receiver  is  deter¬ 
mined  not  by  that  existing  at  the 
input  but  rather  by  the  noise  equiv¬ 
alent  of  the  converter.  The  age- 
characteristic  of  signal-to-noise  vs 
r-f  input  therefore  flattens  off  as 
shown  in  Fig.  3. 

In  the  lower  portion  of  the  table, 
the  r-f  gain  is  assumed  to  be  100 
instead  of  1000.  This  lower  value 
of  r-f  gain  results  in  poorer  signal- 
to-noise  ratios  at  the  higher  values 
of  signal  input.  The  curve  for  this 
case  therefore  would  flatten  off  at 
a  considerably  higher  level  of  noise. 
This  is  illustrated  by  the  two  curves 
of  Fig.  3,  which  are  plotted  from 
actual  data  rather  than  from  the 
assumed  data  tabulated  in  the  ta¬ 
ble  for  purposes  of  simplified  ex¬ 
planation. 

Use  of  High  GoIb 

The  foregoing  discussion  indi¬ 
cates  the  desirability  of  employing 
high  gain  in  the  r-f  amplifier  to 


which  age  is  appiied.  There  are  cer¬ 
tain  limitations,  though,  to  the 
amount  of  gain  that  can  be  safely 
used.  One  is  stability,  or  freedom 
from  self-oscillation,  at  all  fr^ 
quencies.  A  second  is  protection  of 
the  r-f  converter  tube  from  being 
overloaded  by  stronger  signals  on 
channels  adjacent  to  the  desired 
signal. 

If  the  r-f  gain  and  the  age  hold 
the  desired  signal  at  10,000  micro¬ 
volts  at  the  grid  of  the  converter, 
and  a  signal  100  times  as  strong  as 
the  desired  one  is  received  on  an 
adjacent  channel,  the  interfering 
signal  will  have  a  voltage  of  about 
one  volt  at  the  grid  of  the  con¬ 
verter.  This  is  apt  to  produce 
serious  overloading  and  interfer¬ 
ence. 

In  actual  use  of  a  receiver  such 
as  depicted  in  Fig.  1  and  having 
age-noise  characteristics  as  shown 
in  Fig.  3,  it  is  customary  to  man¬ 
ually  readjust  the  i-f  gain  in  order 
to  obtain  optimum  performance  on 
very  weak  and  also  on  very  strong 
signals.  In  this  way  the  agc-noiie 
characteristic  may  be  shifted  from 
its  positions  shown  on  Fig.  3  to  best 
handle  existing  conditions  and 
ranges  of  signal  strength,  noise, 
and  interference.  Obviously,  the 
design  of  the  age  system  should  be 
such  as  to  cover  the  greatest  pos¬ 
sible  range  of  input  signal  without 
the  need  for  manual  re-adjustment 
of  the  i-f  gain. 

The  final  design  generally  must 
be  a  compromise  between  the  vari¬ 
ous  factors  discussed;  the  exact 
-compromise  being  determined  by 
the  performance  required  and  the 
conditions  under  which  the  equip¬ 
ment  will  be  used. 
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Fungus  and  moisture 
Protection 


Treatment  of  equipment  to  permit  operation  under  climatic  extremes  involves — among 
other  factors — consideration  of  surface  conditions,  qualities  of  finish,  and  fungistatic 
values  established.  These  are  discussed  here  in  the  light  of  current  information 


In  turroundings  lik*  this  lea  cry  from  ths  placid  comsr  of  o  Ihrlng  room, 
molsturo  ond  fungus  trootmont  of  a  radio  may  moko  tho  difforonco  botwoon 
hours  and  months  of  mointonanco-froo  oporotion 


By  R.  PROSKAUER 
aid  H.  E.  SMITH 

The  Intl-X  Company 
Brooklyn.  N.  Y. 

AS  applied  to  the  protection  of 
,  electronic  equipment  against 
unfavorable  ambient  conditions, 
the  term  tropicalization  refers  to 
(1)  keeping  out  moisture  to  pre¬ 
vent  electrical  leakage,  (2)  inhibit¬ 
ing  fungus  attack  and  consequent 
loss  of  insulation  resistance,  and 
(3)  forestalling  corrosion  which 
results  from  both  moisture  and 
fungus. 

Tropicalization  is  more  than  a 
wartime  requirement.  It  is  forced 
upon  us  in  any  location  where  con¬ 
tinuous  high  humidity  combined 
with  rapid  changes  of  temperature 
cause  excessive  condensation. 
Fungus  has  a  considerable  hand  in 
increasing  and  maintaining  mois¬ 
ture  deposits,  and  hence  aggravat¬ 
ing  corrosive  action.  That  it  also 
causes  chemical  changes  in  insula¬ 
tion  and  other  organic  materials  is 
generally  admitted,  but  it  is  im¬ 
possible  to  draw  sharply  any  line 
of  demarcation  between  the  effect 
of  moisture  alone  and  the  acceler¬ 
ation  due  to  fungus. 

Extensive  tests  made  in  the  lab¬ 
oratory  and  correlated  with  out- 


TABLE  I.  VULNERABILITY  OF 
COMMON  MATERIALS  TO 
FUNGUS  AHACK 

CdluloM,  CMitMt.  eotd«««,  eot- 
***«.  flu*,  painb,  phtfiolict,  p«p«r, 

eaiiib^.  Mid  waxes  (most) 

toi  viriaawbla;  Malamhia,  rabbai  (nalaral  and 
W*a*tk),  and  waxes  (micro-cry^llina) 

valnaiabiat  Glass  (clean),  class  Hbas,  In- 
••••nles,  polyilyrana,  and  polyvinylidana  chloride 


door  exposure  in  Florida  swamps 
show  that  moisture  proofing  is  of 
the  utmost  importance,  but  that  bi¬ 
ological  factors  must  not  be  neg¬ 
lected.  A  few  laboratories  have 
made  accelerated  tests  without  this 
correlated  exposure  and  the  results 
do  not  bear  out  actual  conditions. 

Savnrity  of  Sorvieo 

In  the  field  of  electrical  and  elec¬ 
tronic  equipment,  extensive  service 
in  foreign  countries  and  in  tem¬ 
porary  quarters  has  brought  about 
environmental  conditions  quite 
different  from  peacetime  ones.  Par¬ 
ticularly  in  the  case  of  electronic 
equipment  which  in  pre-war  years 
was  normally  well  sheltered,  the 


whole  technology  of  manufacturing 
components  and  assemblies  grew 
up  with  no  severe  service  condi¬ 
tions  or  exposure  background.  The 
early  days  of  the  war  found  Amer¬ 
ican  industry  hastily  multiplying 
its  production  many  times  and,  in 
the  main,  following  previous  com¬ 
mercial  and  civilian  practices. 

It  should  be  emphasized  that 
actual  field  conditions  in  many 
cases  are  as  severe  as  our  previous 
ideas  of  accelerated  tests.  For  ex¬ 
ample,  it  used  to  be  considered  a 
severe  test  to  expose  components  to 
10  days  of  high  humidity  and  high 
temperature,  that  is,  90  to  96  per¬ 
cent  relative  humidity  at  100  deg 
F.  While  the  temperature  may  be  a 
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few  degrees  high  for  field  condi¬ 
tions,  it  is  certainly  no  accelerated 
test  as  far  as  humidity  goes.  A 
minimum  of  30  days  exposure  to 
such  conditions  may  be  normal  for 
any  extensive  campaign. 

Frequent  rainfall  in  many  parts 
of  the  world,  rapid  temperature  cy¬ 
cles  with  extremes — ^both  high  and 
low— all  occur  in  ‘the  life  of  equip¬ 
ment.  Every  factor  in  equipment 
design,  outside  the  electrical  func¬ 
tioning,  has  been  inadequate  to 
some  degree  for  the  rigorous  serv¬ 
ice  occuring  in  military  operations. 

It  is  more  or  less  customary  for 
engineers  to  treat  corrosion  deteri¬ 
oration  and  service  degradation  as 
though  they  all  took  place  in  a 
sterile  environment — one  totally 
free  of  organic  life  forms  and  to  a 
considerable  extent  as  though  it 
were  free  of  organic  debris. 

Actually,  the  most  casual  inspec¬ 
tion  of  any  surface  would  indicate 
three  common  phenomena:  (1) 
lodgment  of  air-moved  organic 
dust;  (2)  presence  of  micro-organ¬ 
isms  in  large  quantities — either  in 
the  form  of  spores  or  in  the  form  of 
colonial  and  active  growths;  and 
(3)  presence  of  insects  and  other 
living  forms  with  their  inevitable 
residue  of  mucus  or  non-living  or¬ 
ganic  matter.  Also  present  are  in¬ 
organic  dirt,  dust,  and  debris;  con¬ 
densed  and  absorbed  moisture ;  and 
specific  chemical  salts. 

In  great  measure,  degradation 
depends  on  conditions  of  moisture, 
temperature  and  light  but  micro¬ 
organisms  on  any  given  surface 
may  produce  any  of  several  effects. 
By  their  mere  presence,  they  may 
produce  paths  of  low  electrical  re¬ 
sistance  and  no  further  damage. 
However,  during  the  course  of 
their  life  cycle,  they  may  produce 
electrolytes  which  augment  corro¬ 
sion  of  the  base  or  deteriorate  cer¬ 
tain  porous  insulation  surfaces. 

As  a  third  alternative,  they  may 
particularly  and  specifically  deteri¬ 
orate  organic  material,  leading  to 
such  outstanding  examples  as  the 
destruction  of  cellulosic  materials 
by  ekaetomium  globosum  and  other 
species.  In  addition,  there  occurs 
a  chain  of  attendant  effects  hard  to 
distinguish  and  isolate.  These  in¬ 
clude:  (1)  retention  of  moisture  on 


surfaces  that  would  normally  dry 
out  more  quickly;  (2)  increased 
wetting  of  relatively  non-wettable 
surfaces;  or  (3)  establishment  of 
osmotic-equilibrium  conditions  fa¬ 
voring  solution  of  metals. 

Materials  of  Coastmetlea 

Phenolics,  both  molded  and 
laminated,  absorb  water  at  a  rapid 
rate.  This  causes  leakage  paths 
and  at  times,  swelling  to  such  an  ex¬ 
tent  that  molded  pieces  may  crack 
and  laminates  become  separated. 
Several  methods  of  phenolic  pro- 


Nonnal  spray  equipment  is  used  in 
fungus-proofing  procedures.  Regulattoiu 
requiring  booths  ond  Tentiloting  sys¬ 
tems  are  generally  regarded  os  ade¬ 
quate  for  toidcont-beoring  finishes  as 
well  as  conventional  types 

tection  have  been  devised  whereby 
the  rate  of  moisture  absorption  can 
be  reduced  to  a  minimum. 

For  instance,  air-dry  lacquers 
generally  have  poor  adhesion  to 
phenolic  parts.  An  air-dry  varnish 
is  more  successful  for  this  applica¬ 
tion,  but  by  the  very  nature  of  a 
phenolic  surface,  a  baked-on  finish 
is  the  only  type  that  really  provides 
a  reasonably  permanent  coating. 
As  an  alternative  treatment,  im¬ 
pregnation  with  a  fungistatic  wax 
compound  has  proved  more  water- 
resistant  than  a  baked-on  finish. 
Fungicidal  concentrates  that  may 
be  added  to  standard  waxes  are  ob¬ 
tainable  in  various  forms.  How¬ 
ever,  where  resistance  to  surface¬ 


arcing  is  necessary,  the  baked  fin¬ 
ish  should  be  used. 

Wax-filled  or  wax-coated  com¬ 
ponents  are  frequent  sources  of 
breakdown  from  fungus  attack. 
This  difficulty  may  be  alleviated  by 
using  a  fungicidal  wax  at  the  time 
of  manufacture  or  else  giving  the 
part  a  flash  dip  in  a  similar  com¬ 
pound  before  incorporation  in  the 
equipment.  Inasmuch  as  there  is 
extremely  poor  adhesion  to  a  waxed 
surface  by  either  lacquer  or  var¬ 
nish,  using  the  fungicidal  wax  is 
the  safer  and  more  lasting  method. 

Fiber  pieces  'react  to  moisture 
in  a  manner  similar  to  phenolics, 
with  the  additional  problem  of  ex¬ 
treme  fungus  attack.  They  may 
be  well  protected  by  either  a  baked 
coating  or  by  wax  impregnation— 
both  containing  fungicides. 

Textile-covered  cords  and  ca¬ 
bles  require  treatment  for  a  dual 
purpose — they  must  be  made  water- 
repellant  and  fungistatic.  If  this 
were  not  done,  the  electrical  resist¬ 
ance  would  drop  below  the  point  of 
operating  efficiency  in  an  amaz¬ 
ingly  short  time.  The  Signal  Corps 
has  approved  materials  for  this 
purpose  which  provide  excellent 
service. 

Leather  is  another  material  re¬ 
quiring  treatment  for  both  water 
repellance  and  fungus-proofing. 
The  Signal  Corps  has  developed  a 
solution  which  can  be  purchased, 
ready  -for  usb,  from  manufacturers 
and  which  is  easy  to  apply. 

Felt,  which  unfortunately  can¬ 
not  be  water-proofed  without 
changing  its  characteristics,  can 
nevertheless  be  fungus-proofed. 
Felt  manufacturers  provide  their 
product  already  finished,  but  where 
there  are  stocks  on  hand,  fungicidal 
preparations  can  be  applied. 

Ceramic  pieces  should  be  glazed, 
or  where  this  is  impossible,  must  be 
wax-impregnated  with  a  fungicidal 
wax. 

Lacing  cords  for  use  in  wire- 
harnesses  should  be  impregnated 
with  a  fungicidal  wax. 

Dynamotors  .and  generat^ 
have  occasioned  considerable  difr 
Culty  primarily  through  corrosion, 
and  only  moderately  through  fun¬ 
gus  attack.  It  is  therefore  recom¬ 
mended  that  armature  and  fieW 
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coils  be  varnish  impregnated  and 
dip  coated  as  usual,  but  instead  of 
applying  an  air-dry  sealer  over  the 
primary  insulation,  there  be  sub¬ 
stituted  a  baking  compound  that 
retains  its  fungistatic  properties 
after  the  baking  process.  There  are 
such  products  approved  by  the  Sig¬ 
nal  Corps  and  now  in  use  to  a  con¬ 
siderable  extent.  All  other  circuit 
elements  in  the  dynamotors  should 
be  sprayed  according  to  specifica¬ 
tion  No.  71-2202A. 

Hook-up  wires  offer  a  consider¬ 
able  problem  due  to  the  fact  that 
ordinary  lacquers  and  varnishes 
attack  the  lacquer  finish  with  which 
the  wires  are  coated  by  the  manu¬ 
facturer.  One  lacquer  approved  by 
the  Signal  Corps  does  not  attack 
this  coating,  and  dries  in  a  few 
minutes.  The  wires  should  be  dip¬ 
ped  in  this  product  before  incorpor¬ 
ation  in  the  set. 

Treatment 

Probably  only  a  small  percent¬ 
age  of  our  equipment  failure  can 
be  blamed  solely  on  biological  fac¬ 
tors.  Nevertheless,  not  to  do  any¬ 
thing  about  this  percentage  of  fail¬ 
ure  would  be  as  negligent  as  to 
overlook  any  other  factor. 

Knowledge  gained  from  research 
and  practical  field  work  accom¬ 
plished  in  the  past  two  years 
should  serve  industry  well  in  the 
period  of  reconstruction  which 
Must  take  place  in  occupied  coun-' 
tries  when  Japanese,  domination 
ends.  Equipment  manufacturers 
who  have  an  eye  on  Eastern  export 
trade  after  the  war  will,  by  study 
of  tropicalization  requirements, 
find  a  means  of  providing  goods 
that  will  be  able  to  cope  with  pre¬ 
vailing  conditions. 

In  certain  sections  of  our  own 
country  and  in  South  America  sim¬ 
ilar  conditions  prevail,  and  certain 
practical  adaptations  of  tropicaliza¬ 
tion  prove  advantageous  on  all 
equipment. 

The  methods  presently  adopted 
by  our  Armed  Forces  have  in¬ 
creased  the  life  of  electronic  equip¬ 
ment  from  a  few  days  to  many 
Months,  providing,  of  course,  that 
the  component  parts  selected  by  the 
Manufacturer  for  inclusion  in  the 
apparatus  are  of  good  quality. 
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Actual  exposure  of  test  panels  in.  tropical  climate  is  used  by 
the  Insl-X  Co.  to  correlote  laboratory  work  with  field  results. 
FuU-scole  eqiiipment  runs  are  made  under  the  same  con¬ 
ditions 


Under  the  existing  program,  the 
prime  contractor  may  order  his 
material  from  the  sub-contractor 
with  the  proper  treatment  already 
applied.  Furthermore,  in  several 
sections  of  the  country,  organiza¬ 
tions  have  been  set  up  to  handle  all 
tropicalization  requirements  up  to 
final  assembly. 

Tropicalization  of  electronic 
equipment  must,  of  necessity,  be 
divided  into  two  sections:  (1)  The 
protection  of  component  parts  and 
(2)  Overall  sprays.  The  general 
intent  of  Signal  Corps  Specification 
No.  71-2202A  is  to  provide  a  treat¬ 
ment  for  assembled  equipment  only. 
Component  parts  should  be  treated 
separately  according  to  a  number 
of  supplementary  recommendations 
issued  by  Fort  Monmouth  Signal 
Laboratory.  Films  entirely  _suit- 
able  as  protection  for  completed 
equipment  are  by  their  very  nature 
not  satisfactory  on  a  number  of 
components. 

One  of  the  problems  connected 
with  the  application  of  Specification 
No.  71-2202 A  is  ascertaining  the 
simplest  method  by  which  complete 
coverage  can  be  achieved.  It  has 
been  found  by  many  manufacturers 
that  the  surest  method  is  to  spray 
each  sub-assembly  separately;  this 
enables  the  sprayer  to  coat  rear 
sections  which  are  inaccessible  in 
the  complete  assembly.  When  the 


entire  set  is  assembled,  practically 
all  that  then  need  be  done  is  touch 
up  the  connections. 

At  present  there  is  no  method  of 
verifying  the  completeness  of  treat¬ 
ment  given  an  assembly.  However, 
a  program  to  be  adopted  will  in¬ 
clude  the  addition  of  fiuorescent 
dyes  to  the  coating  materials  so  in¬ 
spection  can  be  performed  under 
infrared  light. 

Tests  prove  that  lacquers  and 
varnishes  ‘developed  for  overall 
sprays  must  be  designed  so  that  the 
ultimate  in  moisture  resistance  is 
provided.  Moisture  resistance  of 
any  organic  insulation  film  is  gen¬ 
erally  evaluated  in  the  laboratory 
on  the  following  properties: 

I.  Electrical 

Dielectric  Strength  (Wet). 

Insulation  Resistance  (Wet). 

II.  Physical 

Resistance  to  high  tempera¬ 
tures. 

Resistance  to  low  tempera¬ 
tures. 

Resistance  to  high-  and  low- 
temperature  shock. 

Adhesion  to  various  sur¬ 
faces — metal  and  non- 
metal. 

III.  Moisture  Vapor  Permeabil¬ 

ity 

Resistance  to  migration  of 
water  capor  under  the 
conditions  of  high  tem- 
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perature  and  humidity. 

IV.  Corrosion  Resistance 

Resistance  of  the  organic 
system  coated  over  a  metal 
panel  to  immersion  either 
in  salt  or  fresh  water  or 
to  salt-water  spray  tests. 

If  the  organic  system  in  ques¬ 
tion,  with  or  without  a  fungicide, 
will  give  good  values  when  tested 
for  the  various  properties  men¬ 
tioned  above,  such  a  system  may  be 
considered  moisture  resistant  and 
definitely  good  insulation. 

Laeqaer  or  Vamisli 

Lacquer  and  varnish  systems 
each  have  their  specific  points  of 
advantage,  and  selection  of  the 
most  suitable  coating  can  be  made 
from  the  following  comparison  of 
factors: 

Drying.  A  lacquer,  generally 
speaking,  dries  by  simple  evapora¬ 
tion  of  solvent,  and  the  rate  of 
through-film  drying  is  determined 
by  the  volatility  of  the  solvents. 
Solvents  can  be  alcohols,  esters, 
ketones,  ethers,  or  hydrocarbons. 
Drying  time  tack-free  as  short  as 
a  minute  is  possible,  although  not 
generally  advisable. 

A  varnish  generally  dries  in  two 
phases.  First,  an  evaporation  of 
solvent,  followed  by  further  poly¬ 
merization  and  frequently  oxida¬ 
tion.  Only  very  short  varnishes  with 
high  resin  content  dry  tack-free  in 
15  minutes  to  an  hour,  and  through- 
drying  generally  takes  4  hours  and 
longer.  This  slow  through-drying 
means  difficulty  in  applying  a  sec¬ 
ond  coat.  Also,  the  short  varnishes 
that  dry  rapidly  require  a  high  per¬ 
centage  or  all  of  the  solvent  to  be 
aromatic  hydrocarbons  which  pos¬ 
sess  strong  solvent  power. 

Lacquer  solvents  are  also  high  in 
solvent  power  but  due  to  their 
faster  release  from  a  lacquer  film 
generally  can  be  adjusted  to  cause 
less  effect  on  undercoats  of  organic 
materials.  Most  lacquers  are  avail¬ 
able  with  alternate  solvent  for¬ 
mulas  to  keep  solvent  effect  at  a 
minimum. 

Flexibility.  Varnishes  in  gen¬ 
eral  are  relatively  hard — the 
shorter  the  harder,  and  they  gen¬ 
erally  increase  in  hardness  with 
age.  Lacquers  can  be  made  with 


any  degree  of  flexibility  and  dis- 
tensibility  and  while  they  may  lose 
flexibility  with  age,  they  lose  it  at 
a  much  slower  rate  than  varnishes. 

Adhesion.  Varnishes — particu¬ 
larly  short  varnishes — exhibit  good 
adhesion  but  lacquers  can  be  for¬ 
mulated  to  produce  adhesion  to  a 
much  greater  variety  of  surfaces. 

Low  -  Temperature  Character¬ 
istics.  V  a  r  n  i  s  h  e  s — ^particularly 
short  oil  varnishes — become  brittle 
at  low  temperatures  and  may  lose 
adhesion  on  a  great  variety  of  sur¬ 
faces.  Lacquers,  on  the  other  hand, 
can  be  formulated  to  have  initially 
better  flexibility  and  to  retain  a 
much  better  low-temperature  ad¬ 
hesion. 

High-Temperature  Character¬ 
istics.  Varnisfies  withstand  high 
temperatures  better  than  lacquers 
since  they  are  thermosetting  and 
may  improve  with  heating,  to  a 
point — after  which  they  heat-age 
rapidly.  Continued  heating  above 
a  certain  temperature  is  destructive. 

Lacquers  are  generally  thermo¬ 
plastic  and  soften  with  heat  but 
reharden  on  cooling  without  dam¬ 
age.  Continued  heating  may  harden 
or  toughen  the  film  but  below  the 
decomposition  point  continued  heat¬ 
ing  does  no  permanent  damage. 

Vapor  Permeability.  Generally, 
the  short  oil  varnishes  have  lower 
rates  of  vapor  permeability  than 
lacquers. 


Types  of  Fungicides 

The  question  then  arises  as  to 
the  type  of  fungicide  to  be  used— 
with  special  consideration  to  the 
volume  required.  It  would  seem 
evident  that  the  fungistatic  agent 
that  gives  the  greatest  protection 
with  the  least  quantity,  providing 
all  other  factors  are  given  consider- 
,ation,  should  be  the  one  which  will 
least  disturb  the  structure  of  the 
coating. 

Three  materials  have  been  gen¬ 
erally  accepted  as  providing  good 
fungistatic  properties.  These  are; 

(1)  Phenyl  mercuric  salts 

(2)  Pentachlorphenol 

(3)  Salicylanilide 

Acceptable  minimums  for  use  in 

lacquers  and  varnishes  are  as  fol¬ 
lows  :  Phenyl  mercuric  salts — 1  per¬ 
cent,  Pentachlorphenol — 15  percent, 


Salicylanilide — 10  percent. 

Besides  quantity,  another  im¬ 
portant  consideration  is  longevity 
of  the  toxicant.  Naturally,  the  use 
of  a  product  that  displays  excellent 
general  inhibitive  value  for  the 
first  month  or  two  is  of  little  value 
when,  as  a  rule,  electronic  equip¬ 
ment  is  in  storage  for  several 
months  before  it  even  reaches  the 
field,  frequently  under  hot  and 
humid  conditions. 

The  question  of  toxicity  to  per¬ 
sonnel  has  been  brought  up  many 
times.  It  is  generally  agreed  that 
the  customary  risk  of  dermatitis 
from  the  use  of  lacquers  and  var¬ 
nishes  is  not  increased  by  addition 
of  any  of  the  three  presently  used 
toxicants.  The  laws  of  most  states 
require  that  spray  booths  and  venti¬ 
lating  systems  be  employed  when 
using  lacquers  and  varnishes,  and 
if  proper  methods  are  followed  no 
ill  effects  should  result. 

Perhaps  the  most  controversial 
matter  in  the  whole  subject  of  trop- 
icalization  is  the  effect  on  selenium 
rectifiers  of  lacquers  and  var¬ 
nishes  containing  phenyl  mercuric 
salicylate.  There  is  no  doubt  that 
mercury  vapors  affect  uncoated 
selenium  disks,  but  tests  run  by 
one  of  the  best  qualified  independ¬ 
ent  laboratories  in  the  country 
show  that  in  1500  hours  of  opera¬ 
tion  a  number  of  uncoated  selenium 
rectifiers  dipped  directly  in  a  lac¬ 
quer  containing  phenyl  mercuric 
salicylate  showed  no  degradation. 
On  the  other  hand.  Signal  Corps 
tests  showed  that  in  sealed  con¬ 
tainers  breakdown  occurred.  The 
correct  answer  may  involve  agree¬ 
ment  on  proper  test  methods,  pur¬ 
ity  of  the  phenyl  mercuric  salt,  re¬ 
action  of  the  lacquer  or  varnish 
with  the  toxicant,  and  development 
of  a  satisfactory  moisture-proof 
coating  for  rectifiers. 

Sper*  Tests 

It  is  known  that  the  fungus  tests 
now  used  for  acceptance  under 
Specification  No.  71-2202A  may  not 
be  entirely  representative  of  actual 
conditions  and  it  has  been  sug¬ 
gested  that  more  than  one  organism 
should  be  used  in  any  evaluated 
fungus  tests.  Of  the  three  com¬ 
mon  fungicides  only  phenyl  mer- 
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curie  salicylate  will  pass  both  a 
mixed-spore  and  a  single-spore 
test.  Until  such  time  as  a  means  is 
created  to  show  that  this  test  can 
be  correlated  to  field  exposure,  these 
present  requirements  should,  for 
safety’s  sake,  be  followed. 

On  area  of  inhibition,  one  other 
consideration  is  life  of  the  fungi¬ 
cide  when  subjected  to  operating 
temperatures  of  equipment  and 
natural  dissipation  through  vola¬ 
tilization.  Table  II  shows  fungi¬ 
static  value  of  the  three  selected 
fungicides  after  exposure  to  vari¬ 
ous  temperatures,  and  using  both 
a  single  spore  and  a  spore  mixture. 

Micro-Organisms 

Under  the  general  classification 
of  those  organisms  so  small  that  a 
microscope  is  required  for  their 
study  are: 

(1)  Protozoa,  uni-cellular  ani¬ 
mals,  many  of  them  liv¬ 
ing  in  water  and  obtaining 
their  food  from  organic  ma¬ 
terial.  A  large  number 
utilize  other  micro-organ¬ 
isms. 

(2)  Molds,  a  sub-division  of  the 
fungi  group. 

(3)  Yeasts. 

(4)  Bacteria,  these  are  normally 
considered  the  smallest  and 
lowest  of  all  forms  of  life. 
Undoubtedly  some  are  below 

I  visibility  even  with  the 

highest  magnification  of  an 
optical  microscope. 

(6)  Algae,  micro  -  organisms 
which  possess  chlorophyll — 
these  are  aquatic. 

Some  authorities  divide  the  fungi 
into  three  main  divisions,  starting 
with  the  bacteria  as  generally  cov¬ 
ering  the  smallest  in  size,  the 
Ktinomyetes  intermediate,  and 
largest,  the  various  fungi  species 
forming  colonies  visible  to  the  eye. 

A  true  conception  of  the  number 
and  rapidity  of  growth  of  these  or- 
fanisms  is  not  commISn  in  the  engi¬ 
neering  world.  It  is  difiicult  to 
look  at  a  few  drops  of  transparent 
water  and  realize  the  infinite  num¬ 
ber  of  living  organisms  present.  It 
“  even  more  difficult  to  realize  the 
wmplex,  intricate,  and  never-end¬ 
ing  cycle  of  life  taking  place  in 
*nch  a  small  quantity  of  material. 


For  example,  normal  surface  sea 
water  contains  as  many  as  a  mil¬ 
lion  micro-organisms  per  cc.  Every 
time  a  wave  breaks,  there  are 
thrown  into  the  air  untold  numbers 
of  marine  bacteria,  some  of  which 
are  carried  hundreds  of  miles,  still 
viable  and  capable  of  growth  and 
multiplication  as  soon  as  suitable 
conditions  arise. 

We  are  only  now  getting  some 
inkling  of  the  ability  of  micro¬ 
organisms  to  utilize  organic  ma¬ 
terials  for  energy.  During  the  past 
two  years.  Dr.  Zobell  at  Scripps 
Institute  has  found  that  many  of 
the  marine  bacteria  are  capable  of 
oxidizing  pure  hydro-carbons.  Spe¬ 
cifically,  certain  species  have  been 
isolated  as  able  to  utilize  gasoline, 
paraffin,  benzene,  toluene,  paradi- 
chlorbenzene  and  others.  The  same 
investigator  likewise  found  that 
rubber  and  synthetic  rubber  could 
be  destroyed  by  the  presence  of  cer¬ 
tain  bacteria. 

It  is  likely  that  as  investigations 
in  this  field  progress,  we  will  find 
that  many  organic  materials  are 
particularly  susceptible  to  deterior¬ 
ation  by  individual  species.  It  will 
then  be  more  expedient  to  protect 
the  material  against  these  specific 
agents  than  against  the  broad 
classification. 
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TABLE  II.  FUNGISTATIC  VALUES 

IN  A  VARNISH  S>^EM 

TEMPEKATUKs  85  OEG  C  VME:  2  HK 
(SpeciRcstion  No.  71-SS08A) 


Toxicant 

Percent 

Toxicant 

* 

Single 

Spore 

Teet** 

Spore 

Mixture 

Ted*** 

Phenyl  Mercuric 
Salicylate 

1 

OK 

OK 

Pentachlorphenol 

10 

NG 

NG 

Pentachlor  phenol 

15 

OK 

NG 

Salicylanilide 

10 

OK 

NG 

Sellcylanillde 

15 

OK 

NG 

TEMPEKATUEE:  85  OCG  C  UMCi  M  HK 


Phenyl  Mercuric 
Salicylate 

1 

OK 

OK 

Pentachlorphenol 

10 

NG 

NG 

Pentachlorphenol 

15 

NG 

NG 

Salicylanilide 

10 

OK 

NG 

Salkylanlllde 

15 

OK 

NG 

TEMPEKATUKE:  130  DEG  C  TIME:  2  HK 


Phenyl  Mercuric 
Salicylate 

1 

OK 

NG 

Pentachlorphenol 

10 

NG 

NG 

Pentachlorphenol 

15 

NG 

NG 

Salleylenilide 

10 

NG 

NG 

Salicylenlllde 

15 

NG 

NG 

TEMPEKATUKE:  130  DEG  C  HMCi  5  HK 


Phenyl  Mefcurlc 
Salicylate 

1 

OK 

NG 

Pentachlorphenol 

10 

NG 

NG 

Pentachlorphenol 

15 

NG 

NG 

Salicylanilide 

10 

NG 

NG 

Salicylanilide 

15 

NG 

NG 

IN  A  LACQUER  SYSTEM 

TEMPEKATUKE:  85  DEG  C  TIME:  2  HK 
(SpeemcaHoa  No.  71.2808A) 


Phenyl  Mercuric 
Salicylate 

1 

OK 

OK 

Pentachlorphenol 

10 

OK 

NG 

Pentachlorphenol 

15 

OK 

NG 

Salicylanilide  ' 

10 

OK 

NG 

Salicylanilide 

15 

OK 

NG 

TEMPEKATUKE-  85  DEG  C  TIME:  20  HK 


Phenyl  Mercuric 
Salicylate 
Pentachlorphenol 

1 

OK 

OK 

10 

NG 

NO 

Pentachlorphenol 

15 

NG 

NO 

Salicylanilide 

10 

OK 

NO 

Salicylanilide 

15 

OK 

NG 

TEMPEKATUKE:  50  DEG  C  TIME:  96  HK 


Phenyl  Mercuric 
Salicylate 

1 

OK 

OK 

Pentachlorphenol 

10 

NG 

NG 

Pentachlor^  enol 

15 

NG 

NG 

Salicylanilide 

10 

OK 

NG 

Salicylanilide 

15 

OK 

NG 

TEA6PEKATUKE  100  DEG  C  TI/AE  8  HK 


Phenyl  Mercuric 
Micylate 
Pentachlorphenol 
Pentachlorphenol 
Salicylanilide 
Salicylanilide 

1 

10 

15 

10 

15 

OK 

NG 

NG 

NG 

NG 

OK 

NG 

NG 

NG 

NG 

*Bme6  on  total  weigM. 


—/Mpersaisi  msw.  .  . 

***AipertillM  Nifw,  PeskHIkMi  Lstaam,  AtUnm 
siycetat  Ceayofstat,  sad  RhisepM  NIfricaat. 
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FIG.  1 — Skin  •llnct  rMistonc*  factor  for 
■olid  round  coppor  iHro 


2 — ^Altemating-curront  rosistance 
of  solid  round  copper  wire 
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FIG.  3 — ^RelatiTe  errors  of  Eq.  (3)  ond 
(4)  compored  to  toIuos  obtained  from 
Fig.  1 


Coaxial  Cable 


Exact  and  approximate  formulas  for  determining 
basic  parameters  of  coaxial  cable  facilitate  deter¬ 
mining  effects  of  conductors,  dielectrics  and  dimen¬ 
sions  on  electrical  characteristics.  Graphs  indicate 
variations  that  can  be  expected  from  changes  in 
materials  and  construction 

By  N.  0.  KENNEY 


Assigtant  Cable  Engineer 
Bimplew  Wire  and  Cable  Co. 
Cambridge,  Mageachugettg 


FIG.  4 — ^RelotiTe  inside  a-c  re^tonce 
of  the  concentric  conductor 


Design  and  use  of  coaxial  cable 
at  radio  frequencies  requires 
a  knowledge  of  the  cable  parame¬ 
ters  and  the  manner  in  which  they 
vary  with  cable  construction  and 
operating  frequency.  Exact  equa¬ 
tions  are  cumbersome,  but  within 
limits  they  can  be  simplified  for  use 
in  design  or  in  obtaining  approxi¬ 
mate  indications  of  the  major  influ¬ 
ences  on  cable  parameters. 

Basic  parameters  which  deter¬ 
mine  characteristic  impedance,  at¬ 
tenuation  and  phase-shift  constant 
of  coaxial  cable  are  series  resist¬ 
ance  and  inductance,  and  shunt 
capacitance  and  conductance. 
These  parameters  are  functions  of 
the  electrical  characteristics  of  the 
material  used  for  conductors  and 
dielectric,  the,  geometric' design  of 
component  parts  and  the  frequency 
at  which  the  cable  is  to  operate. 

Ssrict  Rsfistoncs 

Total  series  resistance  (Ro)  of  a 
coaxial  cable  consists  of  two  com¬ 
ponents:  resistance  of  the  center 
conductor  and  of  the  concentric 
conductor. 

Formulas  for  determining  resist¬ 
ance  of  a  solid  round-center  con¬ 
ductor  at  any  frequency  have  been 
published  in  text  books  and  techni¬ 
cal  papers.  However,  these  for¬ 
mulas,  which  involve  Bessel  func¬ 
tions,  are  complicated  and  do  not 
lend  themselves  to  rapid  calcula¬ 
tions.  Fortunately  for  the  design 
engineer  there  have  been  published 
in  the  Bureau  of  Standards’  Cir¬ 
cular  No.  74  tables  of  the  ratio  of 
resistance  at  any  specified  fre¬ 


quency  to  the  d-c  resistance  for 
round  solid  conductors  as  a  func¬ 
tion  of  diameter  and  frequency. 
Resistance  ratios  are  presented  in 
graphic  form  in  Fig.  1  for  round 
solid  copper  wire  having  a  resistiv¬ 
ity  (p)  of  1724  abohm-centimeters 
as  a  function  of  x,  the  skin-effect 
resistance  factor 

a:  =  0.272  d,  VJ  (1) 

which  is  derived  from 

X  =  xdi  V2m//  p  (2) 

where  p  =  magnetic  permeability  of  the 
conductor. 

Resistance  (R,)  of  various  sizes 
of  conductors  in  the  frequency 
range  of  10  kilocycles  to  400  mega¬ 
cycles,  as  determined  from  the  ra- 
.  tio  curve,  is  plotted  in  Fig.  2. 

Note  that  the  resistance  ratio 
curve  (Fig.  1)  is  practically  a 
straight  line  for  values  of  x  greater 
than  5.  This  permits  the  determi¬ 
nation  of  the  following  approximate 
equations  for  the  straight-line  por¬ 
tions  of  the  curve 

X  >4 

Ri  0.284  Rio  +  0.993  Vj  lO"’,  di 
ohms/lOOO  ft  (3) 

X  >10  _ 

Ri  ~  10-»  V  f/di  ohms/ 1000  ft  (4) 

where  ftdc  =  0.01037/di*ohm8/1000  ft  (6) 

It  is  very  important  to  the  design 
engineer  to  be  able  to  utilize  at  all 
times  the  simplest  formula  possible. 
Variations  in  magnitude  of  the  re¬ 
sistances  as  calculated  by  the  above 
methods  for  various  sizes  of  con¬ 
ductors  at  different  frequencies  are 
{dotted  in  Fig.  3  as  ratios  of  RJ^ 
-  and  R^/Rs.  Figure  3  also  shows 
frequencies  at  which  resistance 
limitation  ratios  are  not  greater 
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than  1.05  for  several  sizes  of  con- 
<iuctor.  Which  of  the  three  meth¬ 
ods  to  use  for  calculating  resist¬ 
ance  of  a  solid  round  inner  con¬ 
ductor  depends  upon  the  accuracy 
required. 


Resistance  of  Stranded  Cendneters 


In  a  large  number  of  coaxial  ca¬ 
bles  the  inner  conductor  consists 
of  several  strands.  Resistance  cal¬ 
culated  by  any  of  the  mentioned 
methods  will  give  values  lower  than 
those  actually  measured.  Unfor¬ 
tunately  at  present  there  is  not 
enough  data  to  evaluate  the  in¬ 
crease  in  resistance  for  a  stranded 
conductor  as  compared  to  a  solid 
conductor  of  the  same  area  and  di¬ 
ameter. 

Bureau  of  Standards’  Circular 
No.  74  suggests  as  a  rough  guide 
that  the  resistance  ratio  of  strands 
of  bare  wires  placed  parallel  and 
making  contact  with  one  another  is 
the  same  as  for  a  round  solid  wire 
which  has  the  same  area  of  cross- 
section  as  the  sum  of  the  cross-sec¬ 
tional  areas  of  the  strands.  How¬ 
ever,  when  a  precise  knowledge  of 
the  resistance  ratio  is  required  it 
should  be  measured.  The  following 
tentative  rules  are  suggested  as  a 
guide  to  the  behavior  of  a  stranded 
conductor.  (1)  An  increase  in  the 
number  of  strands  for  a  given  total 
area  of  copper  increases  high-fre¬ 
quency  resistance.  (2)  For  a  given 
total  area  of  copper  and  number  of 
strands,  a  conductor  cabled  with 
strands  having  a  long  lay  will  have 
a  slightly  lower  high-frequency  re¬ 
sistance  than  for  an  equivalent 
conductor  having  a  short  lay. 


Concentric  Conductor 


The  concentric  conductor  of  a 
coaxial  cable  has  two  functions: 
to  act  as  a  shield  and  to  act  as  a 
conductor.  The  resistance  of  a  con¬ 
centric  conductor  when  it  consists 
of  a  thin-wall  tube  may  be  deter¬ 
mined  from  formulas  which  have 
been  published  by  Whinnery. 

Figure  4  is  a  plot  of  the  ratio  of 
resistance  of  a  concentric  copper 
cylinder  at  any  frequency  to  d-c 
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Typicol  coaxiol-cable  construction  omploTing  solid  dioloctrics 


resistance  as  a  function  of 

A  ~tly^  0.384  t  V/  (6) 

where 

t  =>  wall  thickness  of  outer  conductor  in 
inches 

y  >=  depth  of  field  penetration  in  inches 
when  the  inside  diameter  d*  of  the 
cylinder  is  at  least  ten  times  the 
wall  thickness  (f). 

When  the  parameter  (A)  is 
greater  than  3,  the  resistance  of 
this  type  of  concentric  conductor 
may  be  expressed  as 

R  ~  10"*  V7/d*  ohms/ 1000  ft  (7) 

Most  coaxial  cables  utilize  a  cop¬ 
per  braid  for  the  concentric  con¬ 
ductor.  At  present,  as  far  as  the 


author  knows,  no  formulas  per¬ 
mit  calculation  of  high-frequency 
resistance  for  this  type  of  concen¬ 
tric  conductor.  However,  tests  have 
indicated  that  the  following  tenta¬ 
tive  rules  apply:  (1)  Resistance  of 
braided  concentric  conductor  de¬ 
creases  with  an  increase  in  length 
of  lay  of  individual  strands  of  the 
braid.  (2)  For  braid  having  a 
given  lay,  an  increase  in  the  num¬ 
ber  of  strands  decreases  resistance. 
(3)  For  braid  of  a  given  percent 
coverage  an  increase  in  size  of  the 
individual .  strands  causes  a  de¬ 
crease  in  resistance.  (4)  Resist¬ 
ance  of  a  given  braid  will  increase 
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TABLE  1 — Loop  Resistance  of  Coaxial  Cables  Constructed  of  Various 
Center  and  Concentric  Condnclors 


Diameter 


Inner  Conductor 

Ck)j 

F>per  Braid 

over 

Loop  Resistance 

AWG 

Size  1 

No.  of 

Lay 

Dielectric 

Ohm.s/1000  ft.  at 

Number 

No. 

AWG  ' 

Wires 

Inches 

in  Inches 

50  kc 

3  )0  kc  1  Me 

7 

21 

33 

216 

1.55 

0.280 

4.93 

12.1  20.6 

7 

21 

(4/64 

in.  wall  Lead) 

0.280 

5.78 

16.1  27.9 

7 

21 

33 

288 

1.60 

0.460 

4.65 

10.6  19.6 

7 

21 

(4/64 

in.  wall  Lead) 

0.460 

4.% 

13.1  22.8 

1 

12 

33 

216 

1.72 

0.280 

4.84 

9.54  17.5 

1 

12 

33 

120 

0.50 

0.280 

7.3 

16  27.2 

1 

12 

34 

144 

0.57 

0.489 

14.7  26.6 

1 

9 

30 

384 

4.00 

0.690 

2.39 

6.76  12.0 

1 

18 

36 

480 

1.26 

0.280 

10.7 

19.1  34.8 

400  megacycles,  the  ratio  of  braid 
resistance  to  resistance  of  copper 
tube  is  in  the  order  of  magnitude 
of  2.5  to  4.5  when  the  angle  be¬ 
tween  the  individual  wires  and  the 
axis  of  the  cable  is  approximately 
25  degrees  and  the  coverage  is  at 
least  90  percent.  When  the  coaxial 
cable  consists  of  a  stranded  inner 
conductor  and  a  copper  braid  for 
the  concentric  conductor,  the  only 
accurate  method  of  obtaining  total 
resistance  at  any  frequency  is  by 
accurately  measuring  that  combi¬ 
nation  of  conditions.  Table  1  lists 
measured  resistances  of  several 
combinations  of  inner  and  outer 
conductors. 

Stries  Indactonee 

Total  inductance  (Lo)  of  coaxial 
cable  consists  of  the  inductance  be- 


FIG.  7 — Copadtemc*  ol  cocodol  cables 
Tories  with  relatiTe  diameters  oi  the 
conductors  cmd  with  the  dielectric  con- 
stont 

FIG.  8  (right) — Comparison  of  the  oc- 
curacies  of  Eq.  (14)  ond  (15)  for 
characteristic  impedemce 


tween  center  and  concentric  con¬ 
ductors,  and  the  internal  induc¬ 
tances  of  these  conductors.  Since 
internal  inductance  of  the  concen¬ 
tric  conductor  is  negligible,  the  to¬ 
tal  inductance  may  be  expressed  as 

Z/o  =  £<,-}-  Z/<  ™  [0.140  logio  (da/di)  -i- 
0.015  (L„/Ld«)j  X  10-*  henrys/lOOO  ft  (8) 

Ltf  'Ldo  =  ratio  of  Li  at  a-c  conditions  to 
Li  at  d-c  conditions 

The  external  inductance  term 
(L.)  of  the  total  inductance  is  plot¬ 
ted  in  Fig.  5  as  a  function  of  the 
ratio  of  diameter  under  the  con¬ 
centric  conductor  to  diameter  over 
the  center  conductor.  Figure  6 
shows  graphically  the  internal  in¬ 
ductance  (Li)  of  the  center  con¬ 
ductor.  This  inductance  decreases 
with  an  increase  in  frequency  and/ 
or  an  increase  in  diameter. 

At  frequencies  so  high  that  the 
internal  inducance  term  0.015 
L,c7Ld,  may  be  neglected,  the  total 
inductance  may  be  simplified  to 
Lo  =  L.  =  0.1404  X  10-*  logio  (dj/di) 
henrys/lOOO  ft  (9) 

Although  a  definite  rule  cannot 
be  stated  for  the  frequency  at 
which  the  approximate  equation 
may  be  used,  internal  inductance 
may  in  general  be  neglected  at  fre¬ 


quencies  greater  than  2  Me.  A 
comparison  of  measured  and  cal¬ 
culated  inductance  for  coaxial  ca¬ 
bles  having  a  center  conductor  con¬ 
sisting  of  seven  strands  of  copper 
indicates  that  for  that  type  of  con¬ 
ductor  a  better  agreement  between 
theoretical  and  measured  values  is 
obtained  when  the  diameter  over 
the  center  conductor  is  assumed  to 
be  equal  to  the  square  root  of  the 
circular  mil  area. 

ShMRt  Admittance 

Shunt  capacitance  (C)  depends 
upon  the  ratio  of  diameter  under 
the  concentric  conductor  to  the  di¬ 
ameter  over  the  center  conductor, 
and  the  effective  dielectric  constant 
(K)  of  the  insulating  material.  If 
the  dielectric  constant  varies  with 
frequency,  there  will  be  a  direct 
change  in  capacitance.  Fortunately 
most  dielectrics  are  relatively  con¬ 
stant  with  frequency.  The  formula 
for  the  capacitance  is 

C  =  farads/lOOO  ft  (10) 

logio  (dj/di) 

Variations  in  the  capacitance  as 
a  function  of  {K)  and  the  ratio  of 
diameters  are  shown  graphically  in 
Fig.  7.  An  accurate  knowledge  of 
capacitance  is  important  due  to  its 
effect  on  characteristic  impedance, 
as  will  be  shown  later. 

Shunt  conductance  (G)  depends 
upon  frequency,  capacitance  and 
dissipation  factor  of  the  insulating 
material  and  may  be  determined 
from 

G  =  wDC  mhos/KKK)  ft  (11) 

Of  the  terms  in  this  expression,  ca¬ 
pacitance  remains  essentially  con¬ 
stant  with  frequency;  the  dissipa¬ 
tion  factor  (L)  of  the  dielectric 
may  vary  considerably.  Since  con¬ 
ductance  loss  contributes  increas¬ 
ingly  to  attenuation  with  increas¬ 
ing  frequency,  it  is  very  important 
that  the  dissipation  factor  be  ac¬ 
curately  known  for  the  frequency 
at  which  conductance  is  to  be  de¬ 
termined. 

Charactnritfie  Impedance 

The  user  of  coaxial  cables,  such 
as  the  designer  of  high  frequency 
equipment  or  a  radio  transmission 
engineer,  is  not  so  much  interested 
in  the  cable’s  basic  parameters  as 
ip  the  operating  parameters,  which 
are  characteristic  or  surge  imped¬ 
ance,  attenuation,  and  phase-shift 
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Characteristic  impedance  (Z#)  is 
that  impedance  which,  terminating 
a  line,  will  theoretically  reduce  re¬ 
flection  losses  to  zero.  In  practice 
ideal  conditions  may  not  be  real¬ 
ized,  but  nevertheless  a  line  ter¬ 
minated  in  its  characteristic  im¬ 
pedance  will  have  a  minimum  re¬ 
flection  loss.  Coaxial  cables  in  the 
radio-frequency  range  and  higher 
are  normally  designed  to  have  a 
characteristic  impedance  of  50 
ohms  or  70  ohms. 

This  parameter  may  be  deter¬ 
mined  at  any  frequency  from 


Zo 


*lRi?  -h  (wLo)* 
f  G*  +  (wC)* 


ohms 


(12) 


Where  Rt  »  total  resistance  in  ohms/ 1000  ft. 
Experience  has  shown  that  this 
equation  is  more  flexible  when  writ¬ 
ten  as 


Zt 


“  wC  V£>*  4-  1 


As  dielectrics  utilized  in  coaxial 
cables  have  power  factors  consider¬ 
ably  less  than  5  percent,  the  term 

VD*  -i-  1  1,  hence 

Zi  +  (wLo)* 

If  wC 

or  Zi  ~  ^  ohms  (13) 

When  Ro  is  very  small  as  compared 
to  (oLo  Eq.  (13)  may  be  simplifled 
to 


Zj^VWCohms  (14) 

When  the  frequency  is  such  that 
the  internal  inductance  L,  may  be 
neglected  the  characteristic  im¬ 
pedance  can  be  determined  from  a 
very  simple  equation 

Zt  -  VITC  =  (138/ logio(d,/di)  ohms 

(16) 

No  definite  rule  can  be  made  as 
to  the  frequency  range  in  which  the 
Approximate  equations  may  be  used 
due  to  the  variables  involved.  How¬ 
ever,  as  a  guide  to  their  limitations 
the  impedance  ratios  Zi/Z,  and  ZJ 
as  a  function  of  frequency  and 
diameter  of  the  center  conductor 
are  plotted  in  Fig.  8. 

These  ratios  were  determined 
for  coaxial  cables  having  a  ratio 
of  di/d,  z=  3.55,  a  round  solid  cop¬ 
per  center  conductor,  and  a  copper- 
tube  concentric  conductor.  The  di- 
^tric  medium  was  assumed  to 
i>ave  a  dielectric  constant  of  2.3  and 
a  dissipation  factor  of  1.0  percent. 
Por  other  diameter  ratios  there  are 


corresponding  changes  in  the  limi¬ 
tations  of  the  approximate  for¬ 
mulas. 

It  is  interesting  to  note  that  the 
accuracy  of  the  impedance  for¬ 
mulas  is  independent  of  dielectric 
constant  for  a  given  ratio  of  d,/(ii 


Zi/Zi  *=  .^(Ao/wLo)*  4-  1 

(16) 

ZtIZt  =  VI  +  (L./LO  X 

V(7<o/«Lo)»  4-  1 

(17) 

ZtIZt  »  Vl  4-  (L./L,) 

(18) 

Because  characteristic 

imped- 

ance  is  a  function  of  the  diameter 
ratio  ds/di  and  the  dielectric  con¬ 
stant,  it  is  of  considerable  aid  in 
designing  a  cable  for  a  given  im¬ 
pedance  to  know  the  effects  of  vari¬ 
ations  in  these  components  due  to 
manufacturing  limitations  and  the 
dielectric  to  be  used.  Such  varia- 


TABLE  II — Symbols  for  coaxial  cable 
parameters  and  the  equation  or  figure 
in  which  they  are  presented 


oo  — Altenualion  constant  of  cable: 

Eq.  (19) 

ai*  ai,  at — Alternate  forms  of  oo: 

Eq.  (20),  (21),  (22) 

a«  — Attenuation  due  to  loss  in  con¬ 
ductor:  F'ig.  12 

ai  — Attenuation  due  to  loss  in  dielec¬ 
tric:  Fig.  12 

^0  — Phase-shift  constant  of  cable: 
Eq.  (23) 

|3i,  ft — Alternate  forms  of  ft:  E)q.  (21), 
(25) 

C  — Shunt  capacitance  of  cable: 

Eiq.  (10);  Fig.  7 

D  — Dissipation  factor  of  dielectric 
d\  — Outside  diameter  of  center  con¬ 
ductor 

ft  — Inside  diameter  of  outside  con¬ 
ductor 

Q  — Shunt  conductance:  Eki.  (11) 

K  — Dielectric  constant  of  coaxial 
dielectric 

Lo  — ^Total  series  inductance  of  cable: 
Eq.  (8) 

Lt  — External-inductance  component 
of  Lo:  Fig.  5 

Li  — Internal-inductance  component  of 
Lo:  Fig.  6 

7?  — Approximate  a-c  resistance  of 
'  outer  conductor:  Eq.  (7);  Fig.  4 
/?o  — ^Total  series  loop  resistance  of 
cable:  R  +  Ri 

Ri  — A-C  resistance  of  center  conduc¬ 
tor:  Fig.  1  &  2 

Alternate  forms  for  limited  ranges 
are  given  by  Eiq.  (3)  &  (4) 

V  — ^Velocity  of  wave  in  cable:  Eq.  (27) 
Vo  — Velocity  of  wave  in  free  space  (984 
X  10*  ft/sec) 

X  — Skin  effect  resistance  factor: 

Eq.  (2);  Fig.  1 

Zt  — Characteristic  impedance  of 

cable:  Ek).  (12) 

Zu  Zt,  Zt — ^Alternate  forms  of  Zt: 

Eq.  A(13).  (14),  (15) 


FIG.  9 — Dependence  of  characteristic 
impedance  on  dielectric  constant  and 
diameter  ratio 


tions  may  be  easily  studied  by 
means  of  a  graph  as  in  Fig.  9  for 
the  frequency  range  in  which  im¬ 
pedance  may  be  expressed  by  Eq. 
(15).  Furthermore  this  graph  may 
be  used  in  making  first  approxi¬ 
mations  of  the  ratio  dt/di  for  fre¬ 
quencies  in  which  the  impedance 
may  be  determined  from  Eq.  (14). 

Attenuation 

Attenuation  of  coaxial  cable  at 
any  frequency  may  be  determined 
from 

oo  -  6.14  y  VlTio*  +  (wL«)*l  IG* -H  (wC)»l 

{Glit  ~  w*LoC)  (19) 

decibels/ 1000  ft 

This  equation  can  be  written  in  a 
more  practical  form  by  grouping 
terms 
ai  “  6.14  X 

W«Cl«L,(V(«g/wLo)»-|-l>/^l-l)+DB,| 
decibels/ 1000  ft  (20) 
Note  that  variations  in  attenua¬ 
tion  due  to  variations  in  basic 
parameters  are  more  clearly  seen 
from  a  study  of  Eq.  (20)  than  Eq. 
(19).  At  high  frequencies  the  at¬ 
tenuation  formula  may  be  simpli-- 
fied  to 

a*~4.34(flo/Z,  4-GZ,)  (21). 

When  the  frequency  and  size  of  the 
inner  conductor  are  such  that  the 
impedance  can  be  expressed  by  Eq. 
(15),  a  further  simplification  may 
be  made 

decibels/ 1000  ft 

The  first  term  of  these  equations 


electronics  — Woy  194S 


127’ 


mm. 


is  often  called  the  copper  attenua¬ 
tion  (a.)>  and  the  second  term  the 
dielectric  attenuation  (a^). 

The  limitations  of  the  approxi¬ 
mate  equations  are  shown  graphi¬ 
cally  in  Fig.  10  as  ratios  of  the 
attenuation  determined  from  a,,  to 
the  attenuations  determined  from 
a,  and  a,  as  a  function  of  frequency 
and  diameter  of  the  inner  conduc¬ 
tor  for  the  conditions  specified  for 
the  impedance  calculations.  The 
shape  of  these  curves  will  vary  for 
cables  having  dielectric  constants 
and  power  factors  different  from 
those  assumed  in  the  calculations 
of  these  curves.  However,  the  gen¬ 
eral  accuracy  of  the  approximate 
attenuation  formulas  is  as  indi¬ 
cated. 

Effect  of  Dioloctrie 

The  effect  of  the  dissipation  fac¬ 
tor  of  the  dielectric  on  attenuation 
is  very  important.  This  can  be 
seen  graphically  in  the  attenuation 
vs  frequency  curves  shown  in  Fig. 
11  for  a  No.  8  solid  copper  center 
conductor,  0.020-inch  wall  copper 
sheath  and  a  dielectric  constant  of 
2.3.  The  dielectric  is  assumed  to 
have  a  dissipation  factor  of  either 
0.1  percent  or  1.0  percent.  For 
simplification  of  calculations,  at¬ 
tenuations  were  determined  from  (Xs. 

Note  that  the  dissipation-factor 
effect  increases  with  frequency  and 
either  the  attenuation  due  to  the 
copper  or  to  the  dielectric  may  pre¬ 
dominate.  It  has  been  found  of 
considerable  aid  in  designing  coax¬ 
ial  cables  to  construct  graphs 
similar  to  those  in  Fig.  12  for  a, 
and  ttd  vs.  frequency  as  a  function 


the  relative  magnitude  of  the  pa¬ 
rameters  and  the  frequency.  How¬ 
ever,  as  a  general  guide  based  upon 
a  ratio  of  d^/di  =  3.55,  a  solid-cen¬ 
ter  conductor,  a  copper  tube  con¬ 
centric  conductor,  and  a  dielectric 
having  a  dielectric  constant  of  2.3 
and  a  dissipation  factor  of  1  per¬ 
cent,  Eq.  (25)  may  be  used  at  fre¬ 
quencies  as  low  as  50  kilocycles 
when  the  center  conductor  is  at 
least  No.  18  AWG. 

The  operating  engineer  is  often 
interested  in  wavelength  (X)  and 
velocity  of  propagation  along  the 
coaxial  cable  (V).  These  terms  are 
a  function  of  )8o  and  may  be  deter¬ 
mined  from 

X  -  2000x//3o  feet  (26) 

V  •-  lOOO(d/0o  feet/second  (27) 

Velocity  along  the  cable  expressed 
of  their  individual  variables.  Cop-  in  ratio  to  velocity  in  free  space 
per  attenuation  is  calculated  for  (V,)  is 

the  condition  that  a*  =  4MRo/Za  v/Vt  -  1.016  (w//3o)  10-»  (28) 

and  diel^tric  attenuation  for  =  With  the  exact  formulas  avail- 

21.1fD\/K  lO"*.  For  values  other  able  for  checking  accuracy,  the  ap- 
than  those  plotted  in  this  graph,  proximate  equations  and  the  curves 
attenuations  may  be  obtained  by  presented  herein  can  reliably  be 
applying  proper  correction  factors ;  used  to  determine  basic  cable 
that  is,  ttd  =  0.042  db/1000  ft  at  10  parameters  and  from  them  the 
megacycles  when  K  =  2.3  and  D  working  parameters.  Thus  the 
=  1  percent.  When  K  =  2.4  and  D  cable-design  engineer  can  study 
=  1  percent  at  10  megacycles  the  variations  produced  by  cable  dimen- 
dielectric  loss  a*  =  0.042V2.4/2.3  =  sions  and  components,  and  the  cir- 
0.0429  db/1000  ft.  Although  these  cuit  engineer  can  interpret  these 
curves  apply  only  to  the  frequency  factors  in  terms  of  cable  perform- 
range  in  which  the  formula  for  Oj  ance, 
may  be  used,  the  information  ob-  Bibliography 

tained  from  them  is  useful  in  ob-  ,,,  „ 

.  .  „  ,  (1)  Whinnery,  J,  R.,  Skin  Effect  Forma- 

taming  an  approximation  of  the  las,  blbctkonics,  p.  44.  i<>b.  ijm-*. 

,  ,  .  -  .  ,  1  ,  (2)  Race  and  Lnrrick.  High  Frequency 

general  design  of  a  coaxial  cable  Coaxlal-Llne  Culculationa,  Tran».  A.  /.  B.  E., 
»  ii.  i.*  P.  526.  .Inly  1942. 

tor  any  attenuation.  (3)  woodruff.  L.  F.,  “Principles  of  Elec¬ 

tric  Power  Transmission. " 

Phase-Shift  Constant  Bureau  of  Standards  Circular  No.  74. 

Phase-shift  constant  or  wave- 
length  constant  may  be  expressed 
at  any  frequency  as 


FIG.  11 — Comporison  oi  the  effect  of 
dissipotion  factor  on  attenuation,  ond 
the  relotiTO  importemce  of  copper  ond 
dielectric  attenuotion 
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-  0.5  ((7i2o  -  w*LoC)  (23) 

radians/lOOO  ft 

Similar  to  the  attenuation,  the  form 
of  this  equation  may  be  changed  to 


ine  mai 
load  int 
operate 
diating 
tories  a 
portant 
®nnical 
of  any 


VD*  +  1  +  1)  -  DR,]  (24) 

radians/ 1000  ft 

At  high  frequencies  this  equation 
may  be  simplified  to 

radians/lOOO  ft  (25) 
The  limitation  of  this  formula, 
as  for  attenuation,  depends  upon 


-fOOkc 

Unc 


FIG.  12 — lUustratiTe  copper  and  dielec¬ 
tric  ottenuations.  showing  the  manner 
in  which  they  con  be  expected  to  ▼<“! 


FIG.  10 — Relative  accuracies  of  attenu- 
aUon  factor  as  calcu'ated  from  various 
approximations 
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Dummy  ontonna  for  totting  T*h>i  trontmitton 


DUMMY  ANTENNA 


Distributed  reactances  of  a  physical  resistor  are  compensated,  giving  a  pure  resistance 
that  simulates  the  antenna  load  of  transmitters.  A  built-in  thermo-galvanometer 
indicating  power  dissipated  in  the  load  facilitates  tuning  and  coupling  adjustments 


The  problem  of  providing  a 
dummy  load  with  suitable 
characteristics  for  testing  u-h-f  and 
v-h-f  transmitters  has  probably  re¬ 
ceived  the  attention  of  many  engi¬ 
neers,  particularly  in  connection 
with  production  testing. 

Development  work  and  produc¬ 
tion  testing  require  that  the  trans¬ 
mitter  be  operated  into  a  load  hav¬ 
ing  an  impedance  which  exactly 
represents  that  for  which  it  is  de¬ 
signed.  This  is  particularly  im¬ 
portant  where  plate  tuning  and  an¬ 
tenna  coupling  controls  must  be 
precalibrated  at  the  factory.  In  this 
CMC  a  reactive  load  will  usually 
cause  plate  circuit  resonance  to  oc¬ 
cur  at  a  different  point  on  the  tun¬ 
ing  control  from  that  with  the  cor¬ 
rect  load,  and  also  the  degf^e  of 
physical  coupling  to  the  output  cir¬ 
cuit  will  generally  be  different. 

It  is  impractical,  of  course,  for 
the  manufacturer  to  use  the  actual 
load  into  which  the  transmitter  will 
operate  since  this  is  usually  a  ra- 
<Iiating  system.  Many  radio  fac¬ 
tories  are  located  near  areas  of  im¬ 
portant  military  or  aircraft  com- 
®onication  networks  and  radiation 
of  any  kind  may  cause  serious  in- 
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terference.  Development  work  and 
production  testing,  then,  must  be 
done  with  a  compact  load  which 
does  not  radiate. 

Reqalremcats  of  DMmmy  Lead 

Rarely  will  the  transmitter  be 
designed  for  operation  on  only  a 
single  frequency,  and  as  a  result 
the  dummy  load  will  usually  be 


FIG.  1 — (a)  Distributed  capacitonce  and 
inductOBce  of  o  resistor  at  high  fre¬ 
quencies  can  be  'represented  by  lumped 
constants,  (b)  To  counteract  these  re- 
octonces.  on  external  inductor  L  ond  ca¬ 
pacitor  C  can  be  added  to  the  resistor 


called  upon  to  operate  over  a  range 
of  frequencies.  It  must  therefore 
have  wide-band  characteristics,  or 
it  must  be  easily  adjustable  for  op¬ 
eration  at  any  frequency  within  the 
desired  range.  This  requires  that 
the  input  impedance  remains  con¬ 
stant  and  essentially  resistive  over 
the  operating  frequency  band. 

Since  the  primary  function  of 
the  transmitter  is  to  deliver  a  given 
amount  of  power,  the  ideal  dummy 
load  should  instantly  give  a  reason¬ 
ably  accurate  indication  of  the 
power  delivered  to  it.  There  should 
be  no  time  lag  between  the  applica¬ 
tion  and  indication  of  the  power, 
and  fluctuations  of  short  duration 
should  register  on  the  power  indi¬ 
cator.  This  requirement  eliminates 
calorimetric  types  of  power  meters. 
The  power  indicator  should  pre¬ 
ferably  operate  at  any  value  of 
power  below  the  rated  maximum  so 
that  loads  do  not  have  to  be  changed 
when  measuring  power  levels  at 
maximum  and  minimum  transmit¬ 
ter  output  coupling.  Thus  incandes¬ 
cent  power  elements  wherein  py¬ 
rometers  or  phototubes  are  used  to 
measure  power  can  not  be  used  be¬ 
cause  of  their  great  impedance 


change  with  temperature  variation. 

In  order  to  simplify  calibration, 
the  power  indicating  instrument 
should  give  an  indication  propor¬ 
tional  to  the  v-h-f  load  current  or 
voltage.  This  will  permit  complete 
calibration  for  any  power  input 
with  only  a  single  calibration  point. 
A  thermocouple  ammeter  meets 
these  requirements  more  closely  at 
v-h-f  than  does  any  other  type  in¬ 
strument.  The  impedance  charac¬ 
teristic  of  the  load  must  remain 
constant  regardless  of  the  amount 
of  power  delivered  to  it  in  order 
that  transmitters  of  different  power 
ratings  may  be  tested  with  the  same 
load,  and  so  that  quick  checks  may 
be  made  of  the  decoupling  charac¬ 
teristics  of  the  transmitter  output 
circuit. 


sistor.  Further,  the  resistance  can 
be  quite  constant  with  increasing 
frequency  since  skin  effect  is  less 
pronounced  in  materials  of  high  re¬ 
sistivity.  Skin  effect  can  be  further 
reduced  by  molding  the  resistor  in 
the  form  of  a  thin  tube. 

The  composition  resistor  at  very 
high  frequencies  may  be  repre¬ 
sented  as  shown  in  Fig.  1(a).  Here 
distributed  inductance  in  the  re¬ 
sistor  and  in  the  leads  is  repre¬ 
sented  by  the  series  inductance  L„ 
while  C<  represents  the  distributed 
shunt  capacitance.  If  a  resistor  is 
chosen  having  the  desired  resis¬ 
tance  value  at  low  frequencies,  the 
reactances  appearing  at  high  fre¬ 
quencies  may  be  canceled  by  form¬ 
ing  a  series  resonant  circuit  with 
an  external  capacitor  and  the  dis- 
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Lastly,  the  power  indicator  must 
be  sufficiently  stable  to  maintain  its 
calibration  over  long  periods  of 
time.  This  requires  a  dissipating 
element  of  rugged  construction 
which  can  stand  the  mechanical 
abuse  to  which  such  an  instrument 
is  usually  subjected.  In  addition, 
calibration  should  not  be  affected 
by  changes  in  ambient  temperature 
or  by  heat  generated  from  power 
dissipated  in  the  load  resistor. 
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FIG.  3 — ArnmqemMt  and  proidmity  of  parti  Is  Important  In  tho  v-h-f  load 
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proximately  300  Me.  Above  this 
the  series  reactance  would  be  so 
large  that  it  would  be  difficult  to 
obtain  a  finite  external  capacitor 
small  enough  to  give  resonance. 
The  high-frequency  limit  might  be 
extended  somewhat  by  replacing 
the  capacitor  with  a  shorted  section 
of  transmission  line  slightly  longer 
than  a  quarter  wavelength. 


Wottmatar 


The  load  presents  an  essentially 
nonreactive  impedance  of  70  ohms 
to  an  unbalanced  coaxial  line  and 
uses  the  Globar  type  of  CX  70-ohm, 
50-watt  carbon  resistor.  All  con¬ 
necting  leads  between  resistor,  ca¬ 
pacitor,  and  ground  are  made  with 
wide  copper  straps.  The  terminals 
of  the  thermo-galvanometer  used  to 
measure  power  are  connected  di¬ 
rectly  across  the  section  of  the 
strap  that  joins  the  low-potential 
end  of  the  resistor  and  the  series 
capacitor,  thus  keeping  the  meter 
near  ground  to  avoid  effects  of 
stray  capacitance. 

Arrangement  of  components, 
particularly  the  thermocouple  am¬ 
meter  and  connecting  leads,  is  im¬ 
portant.  It  can  be  seen  in  detail 
in  Fig.  3. 

The  wattmeter  for  the  artificial 
load  has  a  full-scale  range  of  115 
ma.  The  width  of  the  strap  be¬ 
tween  its  terminals  was  adjusted 
to  give  a  half-scale  deflection  at 
60  watts  input.  Being  a  current- 
squared  thermocouple  meter  with 
the  scale  divided  into  100  equal 
parts,  the  calibration  in  watts  is 
linear.  The  useful  lower  limit  of 
this  load  is  2  watts.  Although  the 
resistor  is  rated  at  only  50  watts 
the  load  can  be  used  for  short  per¬ 
iods  up  to  the  full-scale  reading  of 
100  watts.  A  slight  adjustment  of 
the  shunt  across  the  meter  would 
allow  full-scale  readings  on  power 
inputs  as  low  as  1  or  2  watts.  Np 
change  in  standing  wave  ratio  was 
noticed  at  any  power  input.  A 
model  now  under  construction  and 
Ming  a  removable  shunt  will  have 
a  full-scale  range  of  either  10  or 
100  watts. 


Callbratiea 

Input  impedance  was  measured 
and  the  calibration  of  C,  L,  and  7 
•ns  done  with  a  section  of  slotted 
Mwial  transmission  line.  An  in- 
®nite-impedance  probe  voltmeter 
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Slotted  tranimiuion  line  ond  high-impedonce  cooxied 
▼oltmeter  used  to  calibrate  the  v-hpf  dummy  load 

=  A,  these  two  equations 
may  be  solved  simultaneously, 
yielding  V„„  =  y/APZo.  In  this 
manner  it  was  possible  to  calibrate 
the  probe  meter  in  terms  of  abso¬ 
lute  voltage.  The  new  load  was 
then  connected  to  the  line  and  the 
power  calculated  from  the  new  val¬ 
ues  of  maximum  and  minimum 
probe  voltage.  It  was  necessary  to 
calibrate  at  only  one  power  level 
because  of  the  linear  voltage  scale. 

Considerable  variation  in  power 
readings  was  expected  with  change 
in  frequency;  however,  they  were 
found  to  be  remarkably  constant 
varying  over,  a  range  of  105  to  130 
Me  only  ±:  3  percent  from  the  cali¬ 
bration  at  119  Me.  To  allow  for  ex¬ 
treme  accuracy,  a  multiplication 
factor  was  determined  for  these 
three  frequencies  and  a  curve  plot¬ 
ted  to  cover  the  band. 

Wide  latitude  in  design  is  pos¬ 
sible  in  power-handling  capability, 
impedance,  and  frequency  range  by 
judiciously  applying  the  principles 
outlined  above.  If  care  is  taken  to 
insure  absolute  symmetry  from 
each  input  terminal,  a  balanced-in¬ 
put  load  arrangement  can  be  built 
along  these  same  general  principles. 
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was  made  from  a  shorted  section 
of  coaxial  transmission  line  one- 
quarter  wavelength  long,  mounted 
in  a  trolley  to  ride  in  the  slot.  A 
sensitive  thermo-galvanometer  was 
shunted  across  a  small  section  of 
the  probe  near  the  shorted  end. 
The  shorting  bar  was  adjustable  so 
that  the  probe  could  be  resonated 
at  any  frequency  in  the  range. 

The  slotted  line  used  for  meas¬ 
urement  had  a  characteristic  im¬ 
pedance  of  66  ohms,  while  the  load 
was  designed  for  70  ohms.  Theo¬ 
retically  the  standing  wave  ratio 
under  these  conditions  would  be 
1.06  to  1.  With  L  and  C  adjusted 
for  optimum  conditions  the  meas¬ 
ured  -  standing  wave  ratios  were 
1.06,  1.05,  and  1.02  to  1  at  fre¬ 
quencies  of  130,  119,  and  108  Me 
respectively. 

The  wattmeter  was  calibrated  by 
connecting  to  the  slotted  line  an 
incandescent  lamp-type  load  which 
had  been  calibrated  at  60  cps.  The 
maximum  and  minimum  indications 
of  the  probe  voltmeter  were  then 
recorded  for  a  given  power  input. 
The  power  transmitted  through  a 
transmission  line  at  high  fre¬ 
quencies  is  P  =  Vml./Z..  If 


Gaseous  Rectifier  Circuits 


Second  and  concluding  part  of  a  paper  presenting  voltage  and  current  wave  forms  of  com¬ 
monly  used  rectifier  circuits,  with  pertinent  equations  alongside  curves  for  convenient 
reference.  Bi-phase  arrangements  for  various  combinations  of  phanotrons  and  thyra- 

trons  are  covered  here 


SPECIFIC  BEFEBENCES  pertaining 
to  the  bi-phase  circuits  shown 
on  this  and  the  following  pages  ap¬ 
pear  in  Table  I,  Part  I,  in  the  April 
1945  issue,  while  general  references 
applying  to  both  single-phase  and 
bi-phase  rectifier  circuits  are  given 
in  the  bibliography  below.  Nomen¬ 
clature  applying  to  all  diagrams  is 
tabulated  in  Table  II,  Part  I,  al¬ 
though  in  most  cases  the  signifi¬ 
cance  of  each  letter  symbol  in  the 
equations  can  be  deduced  from  the 
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labelling  on  the  curves  and  circuit 
diagrams  in  this  concluding  part. 
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Frequency  Monitor 


Simplified  operation  and  accuracy  of  reading  within  a  tenth  of  a  cycle  are  provided  by  a 
atroboscope  used  in  conjunction  with  a  Western  Electric  frequency  monitor.  The  unit 
permits  normal  operation  of  the  monitor  when  needed  and  requires  no  circuit  change 


Frequency  checks  at  KVOE  had 
been  made  by  pressing  a  push¬ 
button  of  the  frequency  ."".onitor  68 
times  a  day.  For  convenience,  the 
idea  of  using  a  stroboscopic  arrange¬ 
ment  to  provide  a  visual  indica¬ 
tion  of  frequency  was  evolved.  This 
simplifies  readings  somewhat,  saves 
relay  adjustments,  and  satisfies  the 
radio  engineer's  ingrained  and  in¬ 
herent  penchant  for  accuracy.  The 
stroboscope  shows  frequency  devi¬ 
ations  to  within  a  tenth  of  a  cycle. 

The  unit  was  designed  to  operate 
in  conjunction  with  the  Western 
Electric  1-C  frequency  monitor. 
The  frequency  of  the  oscillator  in 
the  monitor  is  set  ^0  cycles  above 
the  station's  assigned  frequency. 
When  the  transmitter  is  on  zero 
beat  there  is  a  difference  of  ex¬ 
actly  30  cycles  between  it  and  the 
monitor  frequency  and  the  needle 
of  the  FREQUENCY  DIFFER¬ 
ENCE  meter,  with  a  scale  reading 
30-0-30,  points  to  center  scale  or 
■zero.  The  meter  indicates  fre¬ 
quency  deviations,  plus  or  minus, 
directly. 

The  output  of  the  monitor  oscil¬ 
lator  and  the  r-f  voltage  from  the 
transmitter  are  coupled  to  a  de¬ 
tector  having  a  polarized  relay  in 
its  plate  circuit.  Since  the  detector 
output  contains  a  beat  frequency 
•equal  to  the  difference  between  the 
two  r-f  inputs,  the  relay  armature 
vibrates,  alternately  charging  a  ca¬ 
pacitor  from  the  plate  voltage  sup¬ 
ply  and  discharging  it  through  the 
meter.  Before  conversion  to  type 
1-C,  the  actuating  relay  was  used 
rarely  and  only  for  radical  fre¬ 
quency  deviations  of  more  than  five 
cycles.  The  oscillator  frequency  of 
the  old  type  1-A  was  set  at  zero  beat 
with  the  carrier  frequency  and  op¬ 
eration  was  well  within  five  cycles. 
Under  this  deviation,  the  FRE¬ 
QUENCY  DIFFERENCE  meter 
readings  were  not  accurate  and 


Details  of  the  completed  disk  whidi  is 
iUuminoted  by  the  neon  bulb  to  provide 
the  stroboscopic  effect 


most  operators  will  recall  obtaining 
readings  visually  with  a  milliam- 
meter  plugged  into  the  HEAD¬ 
PHONES  jack.  Now  the  relay  is 
called  upon  to  always  vibrate  at  or 
near  30  cycles  and  while  it  is  a  well- 
designed  precision  item,  and  read¬ 
ings  are  accurate  to  one  cycle,  it 
needs  adjustment  more  often. 


Connoetion  to  Moaiter 


In  designing  the  disk,  variations 
will  be  necessary  for  different 
frequency  ranges  desired,  disk 
speed,  and  a-c  line  frequency.  Dif¬ 
ferences  in  assigned  transmitter 
frequency  matter  not  a  whit 
whether  your  transmitter  is  oper¬ 
ating  on  550  or  1600  kc  or  any¬ 
where  beyond  or  between. 

Assume  the  transmitter  is  on 
zero  beat  with  its  assigned  fre¬ 
quency  and  assume  also  that  the 
monitor  is  oscillating  at  the  as¬ 
signed  frequency  plus  30  cycles,  so 
the  beat  from  the  dettk;tor  circuit 
is  exactly  30  cycles.  Now  assume 
the  motor  turns  the  disk  at  300 
rpm  on  your  particular  line  fre¬ 
quency.  This  is  5  revolutions  per 
second.  The  neon  lamp  is  flashing 
60  times  per  second  since  it  flashes 
on  each  alternation  of  30  cycles. 
Therefore  there  are  12  flashes  for 
each  revolution  of  the  disk  so  if  we 
mark  12  dots,  spaced  30  degrees 
apart  along  a  circular  line  on  the 
disk,  this  circle  of  dots  will  appear 
stationary  when  illuminated  by  the 
neon  lamp.  Should  the  beat  fre¬ 
quency  be  32  cycles,  the  circle  of 
dots  will  appear  to  move  to  the 
right  or  tp  the  left  according  to 
whether  the  frequency  shift  is  plus 


or  minus. 


The  output  of  the  detector  ap¬ 
pears  at  the  HEADPHONES  jack 
of  the  monitor  and  the  input  to  the 
stroboscopic  circuit  plugs  in  here. 
Thus,  no  changes  are  made  in  the 
circuit  or  operation  of  the  fre¬ 
quency  monitor  itself  approved  by 
FCC. 

Pulses  from  the  monitor  feed 
into  the  two-stage  amplifier  shown 
in  the  diagram.  This  in  turn  feeds 
a  2-watt  neon  lamp  which  illumi¬ 
nates  a  disk  which  is  rotated  by  a 
synchronous  motor.  On  the  disk  are 
dots  or  squares  arranged  in  circles 
and  spaced  according  to  the  fre¬ 
quency  indications  desired. 
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Any  multiple  of  12  will  comprise 
a  zero-beat  line,  so  for  better  visi¬ 
bility  use  24  or  36  dots  for  this  line 
and  locate  it  halfway  between  the 
center  and  the  outside  of  the  disk. 
We  will  have  to  avoid  any  multiples 
of  12  for  the  other  lines  or  we'B 
run  into  harmonic  troubles ;  so  take 
an  odd  figure  and  add  to  or  sub¬ 
tract  it  from  our  “primary  stand¬ 
ard”  to  construct  the  other  fre¬ 
quency  lines. 

In  the  unit  illustrated,  it  was  de¬ 
cided  to  read  frequency  deviations 
of  plus  or  minus  1.7  cycles,  4.S 
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cycles  and  in-between.  We  add  1.7 
to  12  and  use  the  sum  (13.7)  in 
multiples  for  the  PLUS  1.7  cycle 
line.  Subtract  1.7  from  12  and  use 
the  difference  (10.3)  in  multiples 
for  the  MINUS  1.7  cycle  line.  And 
so  on  for  the  other  lines — as  many 
as  you  wish,  although  five  or  six 
lines  are  sufficient  for  all  practical 
purposes. 

CoutnietleB  of  Disk 

To  make  the  disk,  draw  it  first 
in  pencil  on  a  large  piece  of  draw¬ 
ing  paper  about  five  or  six  times 
the  actual  size  needed.  Plot  the 
number  of  marks  or  dots  per  circle 
by  degree  or  fractions  thereof 
with  a  protractor.  Then  ink  them 
in  with  doU  black  drawing  ink.  To 
one  side. on  the  same  paper,  draw 
an  indicating  scale  that  will  desig¬ 
nate  the  various  values  of  the  lines 
and  make  this  to  the  same  scale  as 
the  disk.  Then  photograph  the 
drawings, .  reduce  them  to  the  size 
required,  and  mount  them. 

The  disk  can  be  mounted  on  the 
motor  shaft  with  any  suitable  tin 
or  cardboard  backing.  The  scale  fs 
placed  oTOr'^n^  clear  from  it',  sup¬ 
ported  either  from  the  front  or 
back.  Mount  a  viewing  lens  in  the 
can  cover  at  a  convenient  angle. 

' '  ’’OpairatieB 

Take  a  reading  on  the  monitor 
itself,  in  the  usual  manner,  (by 
pressing  the  button).  Let’s  say  if 
reads  plus  2  cycles.  Now  squint  at 
the  rotating  disk  and  you’ll  dis¬ 
cover  the  PLUS  1.7  line  moving 
slowly  to  the  left.  The  PLUS  4.3 
line  is  moving  quite  rapidly  to  the 
right;  therefore  the  actual  fre¬ 
quency  indication  is  a  little  more 
4an  1.7  cycles  but  considerably  less 
than  4.3  cycles.  With  a  little  prac¬ 
tice,  you’ll  be  able  to  read  fre¬ 
quencies  so  closely  it  will  make 
Four  skin  creep. 

For  example:  If  the  carrier  fre¬ 
quency  or  center  line  is  moving  to 
the  right  (clockwise)  at  the  same 
•peed  that  the  MINUS  1.7  line  is 
moving  counterclockwise,  the  obvi¬ 
ous  difference  is  half  of  1.7  or 
minus  0.85  cycles.  The  same  method 
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Pulsei  from  the  irequenqr  monitor  ore  ompliiied  by  the  electronic  circuit  shown 
□bore  to  light  the  neon  bulb  on  each  alternation  of  the  30*cpe  signal 


of  interpolation  is  applied  to  the 
other  lines  to  compute  other  frac¬ 
tional  differences  and  you  will  be 
able  to  tell,  at  a  glance,  just  how 
many  cycles  and  tenths  of  a  cycle 
the  deviation  is. 

If  your  power  frequency -is  de¬ 
pendable,  if  the  computation  used  in 
drawing  the  disk  is  correct,  and  if 
the  disk  is  turning  at  the  speed 
computed,  the  indication  of  the 
stroboscope  must  be  correct.  Check 
it  with  the  monitor.  Change  the 
frequency  of  the  monitor  by  push¬ 
ing  the  DIRECTION  button  which, 
on  the  Western  Electric  monitor, 
introduces  an  artificial  frequency 
deviation.  The  speed  of  rotation  of 
the  various  lines  will  change  accord¬ 
ingly  and  you  should  be  able  to  stop 
^any  one  of  them  (within  a  range  of 
10  cycles),  each  of  which  should 


agree  rather  closely  with  the  read¬ 
ing  on  the  frequency-monitor  meter. 

Other  Pacterf 

A  check  with  an  external  stand¬ 
ard  might  be  somewhat  confusing. 
This  is  explained  by  a  possible  and 
often  simultaneous  drift  of  trans¬ 
mitter  frequency  in  one  direction 
and  a  drift  of  monitor  frequency 
in  the  other.  The  monitoring  serv¬ 
ice  will  tell  you  the  actual  fre¬ 
quency  of  the  transmitter  only, 
while  your  own  monitor  may  have 
drifted  enough  in  the  opposite  di¬ 
rection  to  compensate  for  the  trans¬ 
mitter  drift,  thereby  indicating  no 
drift  at  all  or  zero  beat.  The  stro¬ 
boscope  is  coordinated  with  the 
monitor  alone  and  simply  makes 
the  reading  easier  and  more  ac¬ 
curate  with  respect  to  the  monitor. 


FroqiMncy  monitor  ond  itroboscopo  sot  up  for  oporotion.  A  phono  plug  is  th# 
only  connoction  botwoon  tho  two  uitito 
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This  calculator  not  only  girot  the  solution  to  pi-network  design  problems,  but  also  indicotes  the  operating  range, 

eiiects  of  tuning  and  load  presented  to  the  tube 

Pi-Net  work  Calculator 

1  '  Graphical  method  of  calculating  reactances  for  a  pi  network  that  will  match  a  given 
j  complex  load  to  a  given  tube  plate  circuit.  Changes  in  tube  loading  that  are  produced 
I  by  varying  the  elements  of  the  network  can  be  studied  directly  from  the  calculator 
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The  pi-network  calculator 
described  in  this  article  was 
developed  for  obtaining  rapid  so¬ 
lutions  of  pi-network  problems.  It 
is  also  useful  for  studying  the  char¬ 
acteristics  and  limitations  of  a  pi- 
network  when  used  to  couple  an  r-f 
power  amplifier  to  a  load.  Only  one 
setting  of  this  calculator  is  neces¬ 
sary  to  determine  all  of  the  un¬ 
knowns  when  the  load  is  a  pure  re¬ 
sistance,  and  only  one  more  setting 
is  necessary  if  the  load  has  a  re¬ 
active  component.  The  graphical 
solution,  which  forms  the  basis  for 
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this  calculator,  gives  a  clear  picture 
of  the  relationship  of  the  elements 
of  the  pi-network. 

After  indicating  the  function 
and  requirements  of  a  pi-network, 
the  graphical  analysis  will  be  made, 
which  will  include  a  brief  descrip¬ 
tion  of  the  calculator.  The  charac¬ 
teristics  and  limitations  of  the  pi- 
network  and  the  relationship  of  the 
elements  will  be  discussed. 


The  pi-network,  Fig.  1(a),  which 
consists  of  two  capacitors  and  an 
inductor,  will  provide  a  tank  cir¬ 
cuit  of  the  desired  Q  and  also  match 
the  tube  impedance  into  a  wide 
range  of  load  impedances.  The 
proper  values  of  the  reactances  of 
the  pi-network  and  their  practical 
limits  will  be  discussed. 

Cireait  Datiga  CoatldaroHoas 

One  of  the  first  considerations  to 
be  made  in  designing  a  tank  cir¬ 
cuit  for  an  r-f  power  amplifier  is 
the  circulating  current  or  Q  of  the 
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fIG.  1 — Upp*>  drcait  (a)  showi  the  pi-n«l- 
vork  tised  to  conplo  tho  tube  plot*  drcuit 
to  Ih*  load.  Tho  lowor  circuit  (b)  shows 
Us  physical  circuit  dhridsd  for  graphical 
analysis  into  two  Irsoctions 


tank  circuit  Too  low  a  value  of  Q 
will  result  in  poor  harmonic  at¬ 
tenuation  and  lowered  tube  effi¬ 
ciency,  while  high  values  of  Q  if 
carried  to  extremes  will  result  in 
lower  tank-circuit  efficiency  and 
sideband  clipping  on  high-fidelity 
transmission. 


For  most  commun¬ 
ication  purposes  a  Q  of  10  is  a  good 
choice,  but  usually  values  from  8 
to  20  are  satisfactory. 

In  a  common  parallel  resonant 
tank  circuit, 


inductively  coupled 
to  a  load,  the  tank  circuit  Q  can  be 
considered  as  the  ratio  of  the  re¬ 
actance  of  the  coil  to  the  load  re¬ 
sistance  reflected  into  it.  This  is 
also  equal  to  the  ratio  of  the  r-f 
effective  load  resistance  of  the  tube, 
Rt,  to  the  reactance  of  the  tuning 
capacitor 


*' ■'if -2^ , 

Dsvslepmsnt  of  Graphical  Method 

For  analytical  purposes,  divide 
the  pi-network  into  two  L  networks 
th»t  match  into  a  common  imagin¬ 
ary  resistance  as  shown  in  Fig. 


With  Rr  known,  choose  a  value  of 
that  will  give  the  desired  Q 
^d  then  determine  Xtx  and  r.  This 
1*  done  graphically**  *  as  shown  in 
2(a).  This  operation  converts 
^e  parallel  resistance  Rt  and  re- 


FIG.  2 — Grophicol  mothods  oro  used  (a)  to  conrort  tho  loft-bond  holi  of  tho 
circuit  of  Fig.  1(b)  to  tho  oquiralont  torioo  circuit  of  Fig.  3.  ond  (b)  to  obtoin 
tho  Toluofl  for  tho  right-hond  half  of  tho  circuit  of  Fig.  Kb).  Thooo  two 
oporotiona  oro  combinod  ot  (c) 
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FIG.  3 — S«rlM  •qnlToUnt  oi  th*  l*h- 
hand  iHMCtioii  of  Fig.  1(b)  match**  th* 
*fl*ctiT*  tub*  load  to  th*  hypoth*tical 
r*fl*ct*d  lood  r 


actance  Xcx  to  their  equivalent 
series  impedances,  r*  and  as 
shown  in  Fig.  3.  Then  r  —  tt  and 
XjA  —  —Xn  when  the  impedances 
are  matched  and  the  circuit  is  in 
resonance. 

Knowing  r  and  the  load  resis¬ 
tance,  we  may  determine  the  re¬ 
actance  of  Xvi  and  Xc*.  This  is  done 
by  the  same  graphical  method,  the 
only  diiferance  beilig  that  the 
knowns  and  unknowns  are  differ¬ 
ent.  This  step  is  shown  in  Fig. 
2(b). 

If  a  chart  is  used  which  has  a 
family  of  semicircles  on  each  axis, 
the  point  P,  can  readily  be  found 
by  tracing  the  circle  which  passes 
through  Ra  around  to  where  it  in¬ 
tersects  a  vertical  line  from  r.  The 
vertical  distance  represents  the  re¬ 
actance  of  Xu,  and  following  the 
other  circle,  which  passes  through 
P„  to  the  vertical  axis  gives  the  re¬ 
actance  of  Xn.  Since  Xl  =  Xu  -f 
Xu  the  value  of  each  element  of  the 
pi-network  has  been  determined. 
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MaaipHlatioa  of  the  Calculator 

To  use  the  calculator  set  the 
irve  on  the  inductance  arm  at 


Th*  Calculator 

If  we  combine  Fig.  2(a)  and  (b) 
into  one  diagram,  the  reactance  of 
Xl  is  represented  by  the  distance 
from  Pi  to  P,.  This  composite  dia¬ 
gram,  Fig.  2(c),  is  the  basis  of  the 
pi-network  calculator. 

When  a  pi-network  is  being  de¬ 
signed  that  must  cover  a  wide  fre¬ 
quency  range  and  also  match  into 
a  wide  load  impedance  range  many 
calculations  must  be  made,  always 
using  the  same  value  of  input  im¬ 
pedance,  Rt.  The  calculator  is  a  de¬ 
vice  which  greatly  simplifies  these 
operations  in  solving  a  network 
problem. 

The  i-inch  shellacked  plywood 
base  is  Hi  by  14i  inches.  The  base 
chart  on  which  the  inductance  and 
resistance  circles  are  constructed 


-Addition  of  a  slid*  carrying  circl**  tang*nt  to  th*  r*octonc*  ojd* 
p*rmits  rooking  motching  colcnlations  for  r*actiT*  lood* 
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Rt  up  and  around  to  where  it  inter¬ 
sects  the  vertical  scale  on  the  in¬ 
ductance  arm.  Read  the  inductive 
reactance  at  this  point,  then  fol¬ 
low  the  other  circle  over  to  the  x 
axis  and  read  Xc 
Up  to  this  point  the  load  has  been 
considered  as  a  pure  resistance. 

If  the  load  has  a  reactive  compo¬ 
nent,  it  can  be  converted  into  equiv¬ 
alent  parallel  resistance  and  re¬ 
actance.  Solve  the  problem  by 
matching  into  this  equivalent  paral¬ 
lel  resistance  and  then  correct  Xn 
by  the  amount  of  the  equivalent 
parallel  load  reactance.  This  can 
be  quickly  done  by  converting  each 
reactance  into  positive  or  negative 
capacitance  at  some  frequency  by 
use  of  a  reactance  chart.*  Add,  if 
the  load  is  inductive;  subtract,  if 
it  is  capacitive. 

For  example,  if  the  load  is  600  — 
j600,  the  equivalent  parallel  im¬ 
pedances  are  1000  ohms  resistance 
and  1000  ohms  capacitive  reactance. 
Assume  that  the  network  requires 
200  ohms  Xn  to  match  into  the 
1000-ohm  resistance.  At  1  mega¬ 
cycle,  1000  ohms  is  159  /i/if  and 
200  ohms  is  795  fifii.  The  actual 
capacitance  of  C,  is  then  796  ynjnf 
minus  159  fifxf,  or  636  /x/if  and  its 
reactance  Xcm  is  250  ohms. 

Copaeitoae*  CalealotleBt 

Another  simple  method  was  de¬ 
veloped  which  permits  Xa  to  be 
read  directly  when  the  load  im¬ 
pedance  has  a  reactive  component 
It  was  found  that  the  center  of  a 
circle,  which  passes  through  the 
load  impedance  point  and  is  tan¬ 
gent  to  the  X  axis  and  tangent  to  a 
circle  whose  diameter  is  r,  is  a 
distance  Xc»  above  the  zero  react¬ 
ance  line.*  This  circle  is  shown  in 
fig.  4. 

The  capacitance  slide  has  a  fam¬ 
ily  of  circles  which  are  all  tangent 
at  a  common  point,  and  is  con- 
itructed  so  that  it  can  be  slide  up 
and  down  with  this  common  point 
of  tangency  always  on  the  x  axis. 
The  circles  are  scribed  on  0.010 
transparent  ‘  plastic  sheet,  and  a 
fnide  is  fastened  to  the  sheet  with 
screws. 

To  use  this  device,  slide  it  up  or 
down  so  that  some  circle  or  inter¬ 
polation  between  circles  passes 


through  the  load  point  and  is  tan¬ 
gent  to  a  circle  whose  diameter  is 
r.  Xn  is  read  at  the  line  on  the 
slide  which  is  on  the  horizontal  di¬ 
ameter  of  the  family  of  circles. 
This  works  the  same  way  when  the 
load  has  a  capacitive  reactance  as 
when  it  has  an  inductive  reactance. 

I>t«rpr«fatien  of  Calculator  Rosults 

In  Fig.  4  it  should  be  noted  that 
the  circles  intersect  at  two  points. 
This  other  point,  z,  is  the  other 
value  of  load  impedance  that  the 
network  will  match  into  as  well  as 
Z  and  it  represents  the  condition 
beyond  critical  coupling.  When  the 
load  impedance  is  low  and  induc¬ 
tive,  Z  and  z  may  be  close  together 
and  the  network  can  be  tuned  for 
either  operating  condition.  It  is 
easy  to  know  when  one  is  operating 
at  point  z  because  an  increase  in 
the  loading  capacitance,  Ct,  will  in¬ 
crease  the  loading;  whereas,  when 
operating  normally  (at  point  Z) 
decreasing  the  capacitance  of  C,  in¬ 
creases  the  load  on  the  tube. 

For  practical  purposes  there  are 
several  factors  which  limit  the 
range  of  load  impedances  that  the 
pi-network  will  match  into.  The 
network  will  not  match  into  load 
impedances  in  the  area  below  the 
semi-circle  whose  diameter  is  r 
and  extending  down  to  negative  in¬ 
finity,  as  illustrated  in  Fig.  5.  This 
area  can  be  reduced  by  increasing 
the  circuit  Q  as  this  decreases  the 
value  of  r. 

Another  common  practical  re¬ 
striction  is  caused  by  the  minimum 
and  maximum  capacitance  of  ca¬ 
pacitor  At  minimum  capaci¬ 
tance  the  reactance  Xn  will  be  high¬ 
est  so  that  the  load  impedance  must 
be  inside  a  circle  tangent  at  Xn  and 
also  tangent  to  the  circle  whose  di¬ 
ameter  is  r.  At  maximum  capaci¬ 
tance  of  Ct,  Xn  is  at  its  minimum 
so  the  load  impedance  is  restricted 
to  an  area  outside  of  a  circle  tan¬ 
gent  at  Xn  and  to  the  circle  whose 
diameter  is  r.  This  latter  restric¬ 
tion  exists  only  when  the  network 
is  always  adjusted  to  a  point  less 
than  critical  coupling. 

The  most  important  restriction 
is  the  maximum  safe  operating  volt¬ 
age  for  capacitor  C,.  This  capacitor 
has  the  same  voltage  across  it  as 


the  load.  For  example,  if  the  maxi- 
mum  safe  voltage  across  C#  is  2000 
volts  peak  and  the  power  output  is 
1000  watts,  the  maximum  load  re¬ 
sistance  is 


ft  *  TTK 


2P 


(2000)» 


2000  ohms 


2(1000) 

for  an  unmodulated  carrier.  If  the 
carrier  is  amplitude-modulated 
100  percent,  the  above  value  of  load 
resistance  must  be  divided  by  twn 
and  is  then  only  1000  ohms.  If  the 
load  has  a  reactive  component,  the 
maximum  impedances,  which  have 


FIG.  S — Impodonc*  tronsfonnatloiu  pe«- 
sibl*  with  a  pi  natwork  limit  th«  load 
that  con  bo  matchod  to  within  tho  oroo 
indicatod  by  tho  calculotor 

the  same  load  voltage,  lie  on  the 
circle  which  passes  through  the 
maximum  resistive  load  as  deter¬ 
mined  above.  It  is  seen  that  a  load 
impedance  of  600  +  ;600  will  have 
the  same  voltage  for  a  given  power 
output  as  1000  ohms  pure  resis¬ 
tance.  The  inductance  circles  on 
the  calculator  can  thus  be  used  as 
constant  load-voltage  circles. 

In  determining  the  above  restric¬ 
tions,  it  was  assumed  that  the  in¬ 
ductance  could  be  adjusted  to  any 
necessary  value.  The  maximum 
amount  of  inductance  required  is 
determined  at  the  lowest  frequency 
at  which  the  network  is  to  be  used 
by  using  the  desired  amount  of  Xm 
and  making  a  calculation  on  the 
amount  of  inductive  reactance 
necessary  to  match  to  the  highest 
load  impedance  to  be  encountered. 
For  lower  load  impedances  and 
higher  frequencies,  the  coil  can  be 
tapped  to  secure  lower  inductance. 
In  practice,  a  considerable  fre- 
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FIG.  7 — Impadoncet  that  con  be  matched  by  vorylng  It,  wiA 
oil  other  parometen  constant  con  be  found 
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FIG.  I — Impedances  that  cem  be  matched  by  Torying  Zq,  ore 
determined  by  settings  of  the  copocitance  slide 
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quency  range  and  load  impedance 
range  can  be  covered  on  a  given 
tap  position  by  just  tuning  the  two 
capacitors.  The  limit  to  the  fre¬ 
quency  range  which  can  be  covered 
is  determined  by  the  maximum  and 
minimum  values  of  Q  desired.  For 
a  given  load,  when  the  frequency 
is  increased,  the  capacitances  will 
decrease  and  so  will  the  Q.  When 
the  minimum  desired  Q  is  reached, 
the  coil  is  switched  to  the  next 
lower  tap,  which  is  located  so  that 
the  network  will  have  the  maxi¬ 
mum  desired  value  of  Q  when  re¬ 
tuned.  If  the  load  impedance  is 
lower  (or  higher),  the  same  tap 
will  be  changed  at  a  higher  (or 
lower)  frequency. 

Balanced  or  push-pull  pi-net¬ 
work  problems  can  be  solved  with 
this  calculator  by  considering  only 
one-half  of  the  network  as  working 
from  one  tube  into  one-half  of  the 
load  impedance.  The  two  halves  of 
the  balanced  pi-network  have  iden¬ 
tical  reactances. 

The  accuracy  of  the  calculator 
depends  on  its  physical  size  and 
the  precision  used  in  making  it. 
The  original  calculator  was  accur¬ 
ate  to  about  6  ohms  when  deter¬ 
mining  the  reactances  of  the  pi- 
network  elements  except  that  it  be¬ 
comes  less  accurate  when  r  becomes 


very  small  (Q  becomes  high).  In 
general,  the  results  are  as  good  or 
better  that  can  be  obtained  using 
a  slide  rule.  Because  the  number 
of  operations  to  be  performed  on 
the  calculator  are  few,  chances  for 
mathematical  errors  are  greatly 
reduced  when  designing  any  type  of 
pi-network. 

A  very  interesting  study  of  the 
relationship  of  the  elements  of  the 
pi-network  can  be  made  with  this 
calculator.  There  are  three  re¬ 
actance  elements  in  the  pi-network 
plus  the  input  resistance  and  the 
load  impedance,  any  one  of  which 
may  be  varied  to  observe  the  effect 
on  another. 

CircHit  Aaalytis 

For  one  example,  illustrated  in 
Fig.  6,  consider  Rt,  Xcu  and  Xl 
fixed  and  observe  the  locus  of  load 
impedances  that  can  be  matched  by 
varying  only  Xn>  Any  load  imped¬ 
ance  which  lies  on  the  inductance 
circle,  which  passes  through  the 
value  of  Xl  on  the  inductance  arm, 
can  be  matched  by  varying  only  Xn- 
As  the  load  impedance  point  moves 
clockwise  around  this  circle  the  re¬ 
actance  of  Xrt  increases  (capaci¬ 
tance  decreases). 

When  Rt,  Xc,  and  X,.  are  fixed, 
the  locus  of  load  impedances,  shown 


in  Fig.  7,  which  can  be  matched  by 
varying  Xl,  lies  on  the  sliding  ca¬ 
pacitance  circle  which  is  tangent 
to  the  circle  whose  diameter  is  r. 
As  the  load  impedance  point  moves 
clockwise  around  this  capacitance 
circle,  the  reactance  of  Xl  decreases. 

Pradicfrioii  of  Tab*  Oporatien 

A  graphical  picture  of  what  hap¬ 
pens  when  the  pi-network,  shown 
in  Fig.  1,  is  tuned  up  is  shown 
in  Fig.  8(a).  The  load  impedance, 
Rl  is  a  fixed  resistance  and  a  value 
of  Xl  is  chosen  which  will  result  in 
a  satisfactory  circuit  Q  when  the 
network  is  tuned  for  proper  load¬ 
ing  of  the  tube  and  for  resonance. 
The  tube  resistance  Rt  depends  on 
the  load  placed  upon  the  tube.  When 
the  tube  is  lightly  loaded  Rt  will  be 
high  and  when  it  is  loaded  heavier, 
Rt  will  be  less.  The  adjustments  of 
C,  and  Cl  serve  to  load  the  tube  to 
the  desired  power  input  (or  out¬ 
put)  and  to  tune  the  circuit  to  reso¬ 
nance. 

This  graphical  construction 
shows  the  relationship  between  Xa, 
Xm  and  load  resistance  on  the  tube. 
The  one  pivot  arm  must  pivot  on 
the  center  of  the  circle  which 
passe  through  the  load  resistance. 
If  Xct  is  increased  and  Xci  is  de¬ 
creased  to  bring  the  network  back 
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At  the  heart  of  Radio  Communication  is  o  elements  in  the  successful  operation  of  most 
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FIG.  t— <«)  Effect  on  tub*  loading  of  Torylng  tho  tuning  capocUon  is  roodily 
shown  on  tho  ccdculotor.  Othor  Tarioblos  can  bo  usod  such  as(b)  and 
Xct  or  (c)  li  and  Xa  and  tho  offset  on  tho  load  that  is  rofloetod  back  to  tho 
tubs  con  bo  studiod 
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into  resonance,  then  Rr  is  found  to 
be  less,  which  means  that  the  tube 
is  loaded  more  heavily. 

This  operation  is  just  the  oppo¬ 
site  of  what  the  calculator  was  in¬ 
tended  to  do,  but  it  can  be  done 
easily  if  the  fixed  pivot  on  the 
lower  pivot  arm  is  located  a  dis¬ 
tance  equal  to  Xl  exactly  below  the 
center  of  the  inductance  circle 
which  passes  through  the  load  re¬ 
sistance,  Ra. 

Figure  8(b)  shows  the  relation¬ 
ship  when  Xc,  and  Ra  are  fixed  and 
tuning  is  accomplished  by  varying 
Xt  and  Xcs.  The  calculator  can 
also  be  set  to  perform  this  calcula¬ 
tion  if  it  is  desired. 

If  Xca  is  fixed  and  Xa  and  Xt  are 
the  variables,  the  construction  is 
rather  simple  and  is  shown  in  Fig. 
8(c). 


Conclusions 


In  conclusion,  it  is  suggested  that 
a  simple  and  inexpensive  calculator 
can  be  made  which  is  based  on  the 
construction  shown  in  Fig.  2(c).  A 
family  of  circles  with  their  centers 
on  the  horizontal  axis,  and  also  the 
two  families  of  semicircles  with 
their  centers  on  the  vertical  axis, 
are  constructed  on  millimeter  ruled 
paper  as  was  used  for  the  base 
chart  for  the  calculator.  A  trans¬ 
parent  centimeter  scale  can  be  used 
for  the  inductance  scale.  The  end 
of  the  scale  is  placed  on  point  Pi, 
with  the  scale  placed  in  an  exactly 
vertical  position.  The  inductance 
can  be  read  off  on  this  scale  at 
point  Pa  using  the  same  scale  (ohms 
per  centimeter)  as  used  on  the  base 
chart. 

This  base  chart  is  also  useful  for 
other  purposes,  as  for  calculating 
L-network  reactances  and  convert¬ 
ing  series  resistance  and  reactance 
to  their  equivalent  parallel  resis¬ 
tance  and  reactance. 
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If  George  Washington  could  have 
owned  a  modern  electric  refrigerator,  it  might  not  be  a 
museum  piece  today.  Judging  by  performance  tests  of 
Mallory  contacts  for  refrigerator  motors,  194x’s  electric 
refrigerator  could  have  cooled  the  drinks  and  preserved 
the  food  of  George  Washington  and  be  capable  of  perform¬ 
ing  the  same  service  for  today’s  guests  at  Mt.  Vernon. 

Taking  nothing  for  granted,  a  refrigerator  manufacturer 
put  Mallory,  silver-faced  steel-backed,  standard  SUR  32 
contacts  to  the  following  accelerated  test — and  translated 
service  life  into  years  of  use. 

OPERATION  HOUSEHOLD  SERVICE  CONDITION 
TEST  CYCLES  EQUIVALENT  OF  CONTACTS 

#1  1,556,000  85  years  Good 

#2  2,134,000  171  years  Good 

#3  3,075,000  168  years  Good 

#4  3,230,000  177  years  Good 

#5  3,277,000  180  years '  Good 

Mallory  contacts  are  used  on  refrigerator  motors  to  cut 
out  the  starting  winding  after  full  motor  speed  is  obtained. 
Under  adverse  conditions,  a  refrigerator  motor  goes 
through  fifty  such  operations  in  twenty-four  hours, 
i  Speeding  up  the  time  interval  to  512  operations  per  hour 
on  five  motors,  running  at  1750  R.  P.  M.,  it  was  dem¬ 
onstrated  that  Mallory  contacts  could  operate  perfectly 
for  85  to  180  years  and  still  he  in  good  condition.  This 
again  is  indicative  of  the  built-in  quality  of  Mallory 
contacts  which  assures  faultless  service  from  standard 
contacts  engineered  to  out-live  the  product  for  which 
they  were  designed. 


MALLORY  STANDARDIZED  CONTACTS 


These  Mallory  contacts  are  manufactured  by  a 
patented  process  which  bonds  the  silver  face 
directly  to  the  steel  back  .  .  .  carry  higher  cur¬ 
rent  without  overheating.  Steel  backs  are  nickel 
plated  to  resist  corrosion.  Write  today  for 
factual  information  on  Mallory  contact  and 
contact  assemblies  available  in  standard  sizes. 
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lution  provided  the  width  of  gap  is 
also  within  tolerance.  The  beam 
of  light  is  interrupted  by  a  mechan¬ 
ical  shutter  arrangement  at  the 
time  the  gap  is  passing  this  point. 

Another  beam  of  light  scans  the 
width  of  gap  and  actuates  a  yellow 
signal  should  the  gap  be  undersize. 
A  third  beam  of  light  energizes  an¬ 
other  circuit  to  illuminate  the  red 
rejection  signal  should  the  width 
of  gap  be  oversize. 

Master  piston  rings  of  known  di¬ 
mensional  quality  are  used  in  ad¬ 
justing  the  instrument  for  the  de¬ 
sired  tolerances.  Made  by  The  Shef¬ 
field  Corporation,  the  instrument 
can  be  adapted  to  various  nominal 
sizes,  gaps  of  varying  width,  and 
also  for  variations  on  the  allowable 
out-of-roundness  of  the  periphery. 
Trueness  of  the  periphery  can  be 
determined  within  a  tolerance  of 
0.0001  inch. 


Industrial  X-Ray  Installations  in  Ford  Plant 


INDUSTRIAL  CONTROL 


Castings  passing  through  a  Ford 
production  x-ray  department  are 
segregated  into  groups  according 
to  the  x-ray  unit  best  adapted  for 
their  examination.  Sorting  tables, 
numbering  machines,  and  record 
entries  precede  the  transfer  to 
gravity  conveyors  where  operators 
place  the  castings,  with  proper  fix¬ 
tures  and  identification  numl^rs, 


width  of  gap  of  a  specific  size  of 
piston  ring.  Inspection  is  much 
faster  than  present  hand-checking 
methods  and  the  production  rate  is 
determined  by  the  speed  at  which 
the  rings  are  presented  to  the  gage. 
The  inspection  cycle  per  piece  is  less 
than  five  seconds. 

The  piston  ring  to  be  checked  is 
inserted  inside  a  master  ring  of 
correct  dimensional  quality  which 
is  placed  on  the  instrument  table 
and  rotated  by  a  power-driven 
roller.  The  gaging  functions  are 
performed  by  scanning  beams  of 
light  directed  onto  phototubes 
which  energize  electronic  circuits 
to  illuminate  three  signal  lights. 

As  the  ring  revolves,  one  beam  of 
light  is  projected  on  the  periphery 
of  the  piston  ring.  A  clearance  be¬ 
tween  it  and  the  master  ring  will 
result  from  any  out-of-round  con- 


Cdst  aluminum  cylindur  hoods  for  2.000-hp  Pfott  &  Whitnsy  odxcrah  sn9lnss 
placed  on  Isod-coTorod  troys  and  tollsd  into  ths  cabinet  for  s-roying.  A  pneumoticdV 
operated  door  is  closed  during  exposnre  for  protection  of  the  worker.  Abont 
exposnres  are  mode  per  day 


Photoelectric  Gaging  of  Piston  Rings .  148 

Industrial  X-Roy  Installations  in  Ford  Plant .  148 

Crack  Detector  for  Bottles  and  Jars .  150 

Frequency  Meter  for  Use  by  Factory  Personnel .  150 

Industrial  Oscillograph  for  Impulse  Testing .  154 

Automatic  Position  Indicator  for  Aircroft .  180 

50.000  Hours  for  C-R  Tube .  192 


Photoelectric  Gaging  of  Piston  Rings 


Piston  rings  are  inserted  in  a  master 
ring  and  rotated  under  a  light  beam  for 
electronic  checking  of  true  ond  width  of 
gap 


Of  all  the  war  plants  throughout 
the  country.  Ford  Motor  Company 
is  a  leading  user  of  x-ray  industrial 
equipment.  Radiation  at  voltages 
from  5,000  to  1,000,000  covers  the 
entire  range  of  industrial  radiog¬ 
raphy,  from  the  study  of  very  thin 
samples  by  microradiography  to  in¬ 
spection  of  steel  castings  eight 
inches  thick. 


To  ELIMINATE  the  human  element 
in  production  checking  of  piston 
rings  and  thus  attain  a  very  high 
degree  of  accuracy,  a  new  electronic 
instrument  automatically  inspects 
the  trueness  of  periphery  and  the 


dition  of  the  piston  ring,  permitting 
part  of  the  light  beam  to  fall  on  the 
phototube.  This  actuates  a  red  re¬ 
jection  signal  should  an  excessive 
amount  of  light  indicate  that  the 
piston  ring  is  out-of-round  beyond 
an  acceptable  point. 

If  the  periphery  is  within  toler¬ 
ance  limits,  a  green  signal  flashes 
on  at  the  end  of  one  complete  revo- 
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NEW  FINGERTIP  CONTROL 

ANSWERS  SPACE-SAVING  PROBLEMS 
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No  bigger  'round  than  a  nickel  and  wafer  thin,  this  new  Fingertip  Control  will  find 
many  important  applications  in  miniature  electronic  devices.  An  all-inclusive  unit,  its 
unique  design  eliminates  the  usual  bulky  knob,  shaft  and  bushing  without  any  impair¬ 
ment  of  functional  operation. 

Of  neat  appearance  and  available  in  either  black  or  colors,  this  Type  H  control  is 
intended  for  edgewise  installation.  A  light-pressure,  fingertip  rotation  of  the  knurled 
edge  of  the  cover  permits  ready  resistance  adjustment. 

Embodying  suitable  mechanical  strength  and  many  of  I  PC’s  famous  features  as 
found  in  Type  CS  and  D  controls,  the  Fingertip  Control  has  a  rotation  of  290°,  a  power 
rating  of  0.25  watts  and  500  ohms  to  3  megohms,  as  standard  resistance  values. 
Fingertip  Control  may  be  had  with  linear  taper  or  with  standard  audio  tapers. 

inquiries  are  invited  from  interested  manufacturers  of  hearing  aids  and  other  minia¬ 
ture  equipment  Engineering  Bulletin  on  the  Type  H  control  is  now  in  preparation. 

OCCUPIES  LESS  THAN  HALF  CUIIC  SPACE  REQUIRED  FOR  CONVENTIONAL  TYPES 
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INTERNATIONAL  RESISTANCE  CO. 


designed  a  wooden  fixture  so  that  12 
of  the  big  crankshafts  could  be  x- 
rayed  at  one  time.  They  are  fitted 
into  the  fixture  which  is  placed  on 


A  cronkshcdt  costtnq  ior  a  Ford  V-t 
tank  engino  boing  ploced  in  position  ior 
x-raying  by  a  Goneral  Eloctrlc  million- 
Tolt  industrial  unit 

a  large  lead-covered  truck  operat¬ 
ing  on  tracks.  Three  different  ex¬ 
posures  are  taken  from  different 
angles.  The  films  in  cassettes  are 
placed  in  racks  under  points  where 
the  crankshafts  are  suspended  in 


Crack  Detector  for  Bottles  and  Jars 


Flaws,  such  as  minute  cracks  and 
surface  irregularities  that  prevent 
airtight  sealing  of  glass  jars,  can  be 
detected  electronically  without  in¬ 
terrupting  the  continuous  bottle¬ 
making  process. 

In  one  glass-making  plant  it  had 
been  found  that  two  our  of  every 
hundred  containers  with  flaws  es¬ 
caped  detection  by  human  inspec¬ 
tors.  With  the  new  technique,  de¬ 
veloped  by  General  Electric  in  col¬ 
laboration  with  Hartford-Empire 
Co.,  even  those  flaws  barely  visible 
to  the  naked  eye  are  rapidly  de- 


Frequency  Meter  for  Use  by  Factory  Personnel 
By  W.  R.  Strauss 

Project  Engineer 
Eorth  American  PhiHpe  Oa. 


the  fixture.  The  cassettes  slide  out 
quickly  for  changing.  It  requires 
34  minutes  to  x-ray  all  12  crank¬ 
shafts  one  way.  Another  18  min¬ 
utes  is  necessary  to  radiograph 
separately  two  groups  of  six  crank¬ 
shafts  each  from  a  different  angle. 
These  two  exposures  take  36  min¬ 
utes  or  a  total  of  70  minutes  to  com¬ 
pletely  radiograph  all  12  crank¬ 
shafts  in  three  exposures. 

After  the  films  are  developed,  any 
defective  crankshafts  are  removed 
for  salvage,  and  the  good  ones  are 
stamped  with  a  star  showing  they 
have  passed  x-ray  examination. 

In  the  steel  foundry,  the  designer 
and  foundryman  together  use  radio¬ 
graphy  in  determining  both  the 
best  design  for  the  castings  and  the 
best  way  for  producing  it.  Initiid 
castings  are  radiographed  and 
melting,  temperature  of  the  pour, 
location  of  gates  and  risers,  ram¬ 
ming,  shrinkage,  and  many  other 
factors  affecting  quality  are  studied. 
The  design  itself,  or  the  castinf 
procedure,  may  be  changed  as  a  re¬ 
sult.  It  has  been  found  that  by  thli 
method  better  castings  are  pro¬ 
duced,  with  savings  of  time,  mate¬ 
rials,  and  money.  I 


tected. 

In  operation,  the  containers  au¬ 
tomatically  move  in  front  of  a 
phototube  and  are  whirled  rapidly 
under  a  strong  light.  Since  the  pho¬ 
totube  is  not  affected  by  a  steady 
light,  the  light  reflected  by  perfect 
glass  produces  no  effect.  Any  im¬ 
perfection  on  the  edge  of  the  jtf 
causes  the  lightbeam  to  flicker  aod 
this  modulation  of  the  intensity  of 
the  beam  causes  an  electronic  am¬ 
plifier  connected  to  the  phototubp 
to  operate  and  cause  the  jar  to  be 
rejected. 


on  cassettes  which  hold  the  film. 
The  castings  are  manually  pushed 
onto  the  conveyor  belt  which  car¬ 
ries  them  into  the  x-ray  exposure 
chamber  and  out  the  opposite  side 
according  to  a  set  cycle  of  opera¬ 
tions.  After  radiography,  the  cast¬ 
ings  usually  are  stored  in  numbered 
bins  until  final  disposition  can  be 
made  after  study  of  the  x-ray  films. 

Two  General  Electric  million-volt 
industrial  x-ray  units  routinely  in¬ 
spect,  in  16  minutes,  the  same  num¬ 
ber  of  steel  parts  that  required  60 
hours  with  low-powered  apparatus. 
One  of  these  units  is  in  the  $27,- 
000,000  aircraft  engine  buildings  at 
the  River  Rouge  plant,  which  has 
been  turning  out  2,000-hp  Pratt  & 
Whitney  engines,  and  the  other  is 
in  a  new  steel  foundry. 

The  million-volt  unit  at  the  air¬ 
craft  engine  plant  is  used  to  x-ray 
heavy  steel  castings,  turbo-super¬ 
charger  parts,  and  a  wide  assort¬ 
ment  of  bomber  and  glider  castings 
for  faults  such  as  blow  holes,  tears, 
shrinkage  cavities,  inclusions  and 
cracks. 

Ford  engineers  have  found  that 
the  million-volt  unit  can  examine 
64  times  the  volume  formerly  x- 
rayed  with  their  400,000-volt  unit, 
and  24  times  the  volume  possible 
with  radium  of  average  amount  in 
the  same  floor  area  and  with  the 
same  handling  facilities. 

Multiple  Inspection 

Because  of  the  large  spherical 
angles  available  for  useful  radio- 
graphic  examination  with  the  mil¬ 
lion-volt  apparatus,  a  large  number 
of  castings  can  be  examined  at 
each  exposure.  The  limiting  fac¬ 
tor  on  the  number  that  can  be  ex¬ 
amined  each  day  is  almost  entirely 
dependent  upon  the  handling  facili¬ 
ties.'  As  many  as  50  films  have  been 
simultaneously  exposed. 

The  other  million-volt  unit  in  the 
steel  foundry  examines  unmachined 
crankshafts  for  the  Ford-built  500- 
horsepower  tank  engine,  and  also 
heavy  castings  for  the  M-8  light- 
armored  car. 

Every  crankshaft  built  into  a 
Ford  V-8  tank  engine  undergoes 
radiographic  inspection  with  the 
million-volt  unit.  Each  shaft  is 
three  feet  long  and  weighs  about 
250  pounds.  To  speed  up  examina¬ 
tion,  Ford  technicians  ingeniously 


War  industries  that  use  audio 
frequencies  in  measurement  work 
have  use  for  a  frequency  meter 
that  measures  from  ten  to  50,000 
cycles  and  that  can  be  operated  by 
non-technical  personnel,  after  a 
few  minutes  instruction.  To  fit 
these  requirements,  engineers  at 
North  American  Philips  designed 


the  unit  illustrated  for  use  in  their 
plant. 

The  frequency  meter  they  devel¬ 
oped  has  sufiicient  power  to  operate 
a  strip-chart  recorder  without  s* 
auxiliary  amplifier  regardless  cd 
voltage  variations  between  2 
200  volts. 

The  input  circuit  consists  of  • 
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limiter  as  shown  in  the  diagram. 
This  stage  emplc^s  resistor  to 
bias  the  control  grid  of  the  input 
tube  on  the  peaks  of  a  cycle. 

In  clipping  the  peaks  of  a  cycle, 


At  V-1,  a  type  6AG7  was  found 
to  be  best  from  the  standpoint  of 
high  transconductance  and  high 
screen-grid  wattage  dissipation. 
The  input  sensitivity  is  slightly 


c. 


EKt^mal 

in«t«r 

cavinactiona 


Clrcnh  oi  •l*ctroiiie  m«t«r  for  production  totting  of  froquonciot  botwoon  ten  and 
50,000  eyelet.  A  linear  direct-reading  dial  permitt  rapid  reading  by  non-lechnical 

pertonnel 


the  output  shows  a  square  wave 
with  steep  fronts.  The  square  wave 
results  regardless  of  whether  the 
input  frequency  is  a  pure  sine  wave 
or  one  with  distortion  and  irregu¬ 
larities.  In  case  of  a  badly  dis¬ 
torted  wave,  the  grid  circuit  will 
favor  the  predominant  frequency 
over  the  lesser  peaks  by  a  ratio  of 
about  3  to  1. 

Floating  Screen 

Plate  output  voltage  of  tube  V-1 
is  held  constant  by  a  floating  screen 
grid.  Since  plate  current  changes 
are  a  function  of  screen  voltage, 
increase  of  audio  input  voltage  re¬ 
sults  in  a  decrease  of  screen  volt¬ 
age.  This,  in  turn,  is  affected  by 
the  bias  developed  across  R^.  Screen 
voltages  reduce  proportionately 
with  increase  of  grid  bias  devel¬ 
oped  across  i2,.  Stabilization  of 
screen  resistor  /S*  to  ground,  or  B- 
with  a  bleeder  resistor,  would  limit 
the  range  of  constant  output  to  a 
narrow  band  of  frequencies.  Ca¬ 
pacitor  Ct  is  an  audio  bypass  to 
prevent  any  part  of  the  original 
wave  shape  from  entering  the  plate 
circuit.  .The  RC  time  constant  of 
Ri  and  C»  is  su£9cient  to  delay  any 
small  part  of  the  original  wave 
from  coinciding  with  the  square 
wave,  thus  avoiding  valleys  and 
discharge  peaks. 


more  than  one  volt,  for  almost  all 
frequency  ranges.  Input  imped¬ 
ance  is  greater  than  100,000  ohms 
for  most  frequencies  but  not  higher 
than  the  value  of  Rt. 

Multivibrator  as  Amplifier 

The  multivibrator  circuit  formed 
by  V-2  and  V-3  is  directly  con¬ 
nected  to  the  plate  of  F-l,  and  is  at 
rest  by  virtue  of  bias-resistor  R». 
The  value  of  Rt  is  selected  to  per¬ 
mit  the  multivibrator  circuit  to 
operate  at  the  instant  a  square- 
wave  voltage  is  present  at  the  plate 
of  V-l.  The  multivibrator  circuit 
has  no  resonant  characteristics ; 
its  function  is  to  amplify  the  out¬ 
put  of  V-1  without  alteration.' 

Amplified  square  waves  are  then 
fed  into  an  RC  integrating  network 
(CstRa,  etc.)  which  determines  the 
amplitude  of  the  pulse  that  is  to  ap¬ 
pear  on  the  grid  of  V-A.  Capacitors 
in  the  frequency-selector  circuit 
are  either  air-type  trimmers  or 
silver-mica  types  having  negative 
coefficients  to  minimize  calibration 
drift  caused  by  heat  within  the  in¬ 
strument. 

Operation  of  the  V-4  tube  circuit 
is  similar  to  class  G  audio  amplifi¬ 
cation.  The  grid  bias  is  adjusted 
to  zero  plate  current  with  no  sig¬ 
nal  input.  This  circuit  functions 
as  a  linear  amplifier  in  which  plate 


current  changes  are  directly  pro¬ 
portional  to  grid  voltages. 

Safety  Circuit 

External  and  panel  meters  are 
protected  from  burnout  by  a  relay 
in  the  plate  circuit  of  V-4.  The  re¬ 
lay  shorts  the  meter  when  current 
exceeds  10  ma  and  releases  at  about 
4  ma.  The  meter  circuit  is  ar¬ 
ranged  to  permit  reading  the  panel 
and  external  meters  simultan¬ 
eously.  Accurate  frequency  indica¬ 
tion  on  the  external  meter  is  only 
limited  by  the  meter  itself.  If  a 
recorder  is  used,  overshooting  and 
undershooting  of  the  pen  (deter¬ 
mined  by  chart  paper  travel)  must 
be  taken  into  consideration.  If  the 
frequency  meter  is  accurately  cali¬ 
brated  and  stabilized,  the  inherent 
circuit  error  will  be  less  than  2.0 
percent  of  full  scale  over  the  entire 
range  of  10  to  60,000  cycles. 

An  RC  network  having  a  long 
time  constant  (C„  CHt)  is  incor¬ 
porated  into  the  plate  circuit  of 
V-4.  Without  the  RC  network,  some 
recorder  pens  resonate  badly  at 
100  to  130  cycles  with  the  selector 


mmmi 


Th*  5-ma  rocordar  at  th*  top  oi  <)>• 
photo  ii  dilTon  by  the  direct-readias 
frequency  meter  of  the  lower  poatl 
without  an  autdliory  amplifier 

switch  (S,)  set  on  100  or  600-cyck 
positions.  External  meters  having 
a  5-ma  movement  and  a  coil  resis¬ 
tance  not  exceeding  1000  ohms 
may  be  used  without  recalibration. 
An  external  meter-damping  resis¬ 
tor,  Ru  of  10,000  ohms,  was  chosen 
as  an  optimum  value  and  accom¬ 
modates  most  recorders  without 
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—Your  Microphone  is  hero 


As  outstanding  manufacturers  of  microphones  for  war 
Shure  offers  a  complete  microphone  line.  You  will 
find  the  proper  microphone  for  every  need  above.  A 
complete  description  of  any  model  will  be  furnished 
upon  request. 


A.  Super-Cardioid  Broadcast 
Dynamic 

B.  Unidyne  Cardioid  Dynamic 

C.  Uniplex  Cardioid  Crystal 

D.  Stratoliner  Dynamic 

E.  Laboratory  Non-Directional 

F.  “Economy”  Crystal 


G.  Lapel  Microphone 

H.  Military  Carbon 

I.  Throat  Microphone 

J.  Carbon  Hand  Microphone 

K.  Mask  Microphone 

L.  Stethophone 

M.  Vibration  Pick-up 


SHURE  BROTHERS 

Dstignsrt  and  Manufactvran  of  Mkrophonm  and  Aeoutik  Davkn* 

225  West  Huron  Street  •  •  •  Chicago  10,  Illinois 
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affecting  calibration. 

For  frequency  calibration  60 
cycles  at  6.3  volts  is  obtained  from 
the  filament  leg  of  the  transformer 
and  120  cycles  at  2.6  volts  comes 
from  the  B-minus  leg  of  the  full- 
wave  power  rectifier  through  a  47- 
ohm  resistor.  The  calibration 
switch  is  normally  open  (center 
position)  as  shown.  Selector  switch 
Si  is  placed  on  the  100  or  500-cycle 
range  when  making  a  calibration 
check. 


The  frequency  meter  has  been 
used  to  measure  audio-frequency 
differences  in  quartz  crystal  manu¬ 
facturing,  determine  pulse  fre¬ 
quencies,  function  for  gamma, 
x-ray,  and  electron  counting,  de¬ 
termine  a-c  line  frequencies  for 
power  and  audio  transformer  de¬ 
sign,  and  measure  temperature- 
coefilcient-drift  on  transmitters 
and  receivers  operating  under  test 
temperatures  of  from  —40  to  200 
deg  F. 


powerful  discharges  of  large  surge 
generators  cannot  be  obtained  in 
close  and  absolutely  regular  time 
intervals. 


Industrial  Oscillograph  ior  Impulse  Testing 

By  Otto  Ackcrman  tially  non-repeating  as  far 


Protective  Device  tngineering 
Weetinghouee  Electric  4  Manufacturing  Co. 


The  industrial  electronic  oscil¬ 
lograph  is  largely  responsible  for 
recent  advances  in  design  of  air¬ 
craft  engine  ignition  systems,  high 
1  voltage  insulation,  circuit  breakers, 
and  lightning  arresters.  Investi¬ 
gation  of  the  electrical  phenomena 
associated  with  these  devices  re¬ 
quires  the  measurement  of  non-re- 
petitive  transients  which  may  rise 
to  a  value  of  thousands  of  volts  and 
then  drop  to  zero  in  less  than  a 
quarter  of  a  microsecond.  With  a 
record  of  these  events  as  written  by 
the  electronic  oscillograph,  insula¬ 
tion  surge  strength  and  voltage  re¬ 
covery  characteristics  are  obtained 
and  designs  are  modified  to  give 
better  service,  longer  life,  and  im¬ 
proved  performance. 

The  high-voltage  electronic  oscil¬ 
lograph  operates  on  the  same  prin¬ 
ciple  as  the  sealed-glass-tube  cath¬ 
ode-ray  oscilloscope. 

Sealed-off  cathode-ray  tubes  up  to 
16  kv  rating  have  been  available 
commercially  and  equipment  of  this 
type  is  being  used  to  some  extent 
for  impulse  testing  because  it  is 
relatively  inexpensive.  The  ex¬ 
tremely  high  voltages  and  rapid 
buildup  rates  used  in  modem  test¬ 
ing  methods  have  resulted  in  an 
ever-increasing  demand  for  a  re¬ 
cording  instrument  with  a  voltage 
and  speed  range  far  beyond  that  of 
the  sealed-glass  oscilloscope.  To 
meet  this  demand,  the  streamlined 
Westinghouse  electronic  oscillo¬ 
graph  shown  in  Fig.  4  was  devel¬ 
oped. 

The  high-voltage  oscillograph  is 
primarily  useful  in  the  study  of 
single  transients  which  are  essen¬ 


tially  non-repeating  as  far  as  the 
employable  oscillograph  technique 
is  concerned  because  the  behavior 
of  the  test  piece  may  change  with 
every  applied  surge,  as  when  explor¬ 
ing  the  breakdown  strength  of  in¬ 
sulation  (Fig.  2),  and  because  the 


Industry  Standard  Wave 

The  standard  industry  test  wave 
is  the  so-called  li-40  microsecond 
wave  which  is  one  which  rises  to 
crest  in  about  li  millionth  of  a  sec¬ 
ond  and  falls  off  to  half  value  in  40 
microseconds  from  its  start.  It  can 
well  be  observed  on  the  screen  of  a 
good  sealed-off  glass  tube  oscil¬ 
loscope.  In  all  but  the  elementary 
routine  tests,  however,  the  question 
usually  arises  as  to  what  happened 
in  this  or  that  fraction  of  a  micro¬ 
second  which  was  not  discernable 
on  the  instrument  of  the  lesser  re¬ 
solving  power.  Such  fractional  mi¬ 
cro-second  records,  taken  with  the 
high-voltage  oscillograph,  are  pre- 
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FluqrescenI  screen - 

Is  raised  when  recording 
on  photo  film 


Roll  fin  is  not  In  ^ 
when  film  drum  is  used' 
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ng.  4 — Osdllograph  body  iHth  ttadag  drcuito  ond  pumping  tystera.  At  (o)  ia 
tho  timing  circuit  ior  stationary  film  ond  at  (b)  tbo  film  drum  oxposuro  control  whose 
opor<ifion  is  started  by  pressing  the  exposure  button.  Details  oi  the  instrument 
core:  (c)  upper  defleding  codls.  (d)  upper  concentration  coils,  (e)  royJblocking 
section,  (f)  main  concentration  colL  (g)  lower  deflecting  coils,  (b)  measuring 
electrodes,  (i)  timing  electrodes,  (i)  molecular  pump,  (k)  rough  vacuum  pump 
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Cold-forging''  —proof  '^3] 
.  .  more  each  month 


ScovtLL  Manufacturing  Company 


Waterville  products  Division 


WATERVILLE  48,  CONN.  I  TEL.  Waterbury  3-3151 


NEW  YORK.  CiRTSiw  BiUdiii  .  DETROIT.  714  Fisktr  BviMif  .  CHICAGO.  135  SMith  LaSalle  Straet  .  PWUOaPHIA.  II  W.  CkaltMi  A««m  BWMhf 
nnSBURGH.  2112  W.  libartv  Ave.  •  SYRACUSE.  Svracist  •  Kanpar  lasvaaea  Btff.  •  LOS  ANOaES,  2627  S.  Sata  SL  .  SAN  FRANCISCO,  434  Iraaaa  St 


3  Standard  Fastenings 
for  Production  Efficiencr 

^  Phillips  Recessed  Head 
A  Screws— The  modern,  ef- 
fective,  time-saving  fastening 
device  proven  in  tens  of  thou- 
sands  of  assembly  lines.  Other 
standard  head  styles  are  also 
available. 


2  Self-Tapping  Machine 
Screws  — Eliminate  sep¬ 
arate  tapping  operations  for 
fastenings  to  castings,  heavy 
gauge  sheet  metal,  and  plas¬ 
tics.  Also  available  with 
Phillips  Recessed  Head. 

3  Washer-Screw  Assem¬ 
blies — When  use  of  lock 
washers  is  indicated,  the  time¬ 
saving  of  pre- assemblies  is 
obvious.  Also  available  in 
standard  slotted  head  styles. 


CALL  A  SCOVILL  FASTENINGS  EXPERT  TODAY 


*Tbe  special  purpose  item  illustrated  above  is  one  of 
many  examples  of  Scovill  ingenuity  in  cold -forging 
and  demonstrated  ability  in  special  design. 


. . .  because  the  right  f^t8tening  plfmned  in  the  product 
design  stage  can  well  mean  success  to  that  vital  fast  as¬ 
sembly  job— no  assembled  product  can  be  better  than 
its  fastenings. 

. . .  because  early  action  enables  you  to  make  your  pre¬ 
cise  choice  to  serve  your  need  best— a  featured  standard 
fastening  or  a  part  especially  designed  to  meet  your 
specific  requirements. 


. . .  because  our  broad  experience  in  fastenings  qu4difies 
us  as  specialists  to  aid  you  in  that  selection.  Our  demon¬ 
strated  ability  in  special  design*  makes  Scovill  your 
logical  choice. 

. . .  because  our  special  processing  with  our  ingenuity  in 
cold-forging,  means  a  substantial  savings  in  money 
—materials— motions. 


PLAN  NOW: 


CHOOSE  SCOVILL: 
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INDUSTRIAL  OSCIUOeRAPH  (continued) 

sented  in  Fig.  2  and  3.  They  are 
taken  on  regular  roll  film  31  inches 
wide.  The  film  is  exposed  directly 
to  the  cathode  beam ;  this  eliminates 
the  intermediate  elements  of  fluo¬ 
rescent  screen  and  optical  system, 
which  are  essential  with  the  sealed 
glass  tube.  The  size  of  the  picture 
renders  enlarging  unnecessary. 

Timivg  Circuit 

The  timing  of  the  cathode-beam 
release  and  of  the  beginning  of  the 
time  axis  are  accomplished  by  a 
simple  but  very  effective  circuit 
(Fig.  4).  The  phenomenon  under 
observation  is  connected  to  the  os¬ 


cillograph  timing  circuit  through 
capacitance  coupling  with  the  cen¬ 
ter  electrode  of  the  double  gap 
(Fig.  4).  It  should  be  noted  that 
in  ail  records  of  Fig.  2  and  3  the 
surge  starts  at  exactly  the  same 
point  with  respect  to  the  zero  point 
on  the  time  axis.  This  means  that 
the  action  of  the  synchronizing  cir¬ 
cuit,  including  the  double  gap,  is  so 
consistent  that  no  variations  can 
be  detected  even  at  scales  which  ren- 
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ng.  1 — Front  riew  oi  WoatinghouM 

•loctronic  oscillograph.  Tho  sections 

are: 

(a)  Timing  circuit  ponel  for  stationary 
film. 

(b)  Unit  containing  calibrating  circuits 
omd  film-drum  exposure  control. 

(c)  Focusing  ond  bias  coil  ponel. 

(d)  High-Toltage  and  Tocuum  control 
ponel. 

(e)  Roll  film  operating  knob  and  posi¬ 
tion  indicotor. 

(f)  Fluorescent  screen  hinge  knob. 

(g)  Film  drum  attachment. 


Oectrical  components  requiring  close  tolerances  and  intricate  design 
ire  readily  fabricated  from  Lamicoid.  From  the  wide  range  of  resins, 
wcs  and  papers,  you  can  obtain  Lamicoid  having  the  exact 
(Metrical  and  mechanical  properties  that  you  require. 


The  proper  selection  of  mica  for  any  particular  purpose  is  a  task 
that  requires  long  experience  and  a  soimd  knowledge  of  the  proper¬ 
ties  of  mica  in  ^  of  its  various  types  and  grades.  Call  our  staff 
engineers  about  your  specific  problem. 


SALES  OFFICES: 


BOSTON 

HOUSTON 


CHICAOO 
LOS  ANORU 


aNONNATI 
•  NfW  YORK  • 

FACTORY: 


CLfVfLANO 
SAN  FRANCISCO 


DfTROIT 

SEATTLI 


SCNfNiCTADY,  NEW  YORK 


BA  MV  VoHck  Street 
VWIil  Y  New  York  14,  N.  Y, 
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•  In  maintaining  the  highest  standard 
of  excellence  the  one  and  only  HICKOK 
aim  must  always  be  the  building  of 
instruments  that  tell  all  the  truth  ail 
the  time.  When  quality  is  built  up  to 
a  high  standard  instead  of  down  to  a 
price,  the  user  has  greater  confidence 
4n  his  work. 

Whether  you  arc  selecting  tube  and 
^t  testers,  signal  generators,  oscillo* 
gijpiphs,  volt-ohm>milliammeters  or  any 
ot\er  service  equipment,  remember 
that  the  standard  of  quality  for  a  third 
of  a  ’century  has  never  been  excelled. 
Having  pioneered  the  major  new  de¬ 
velopments  and  vindicated  maximum 
accuracy  and  dependability,  HICKOK 
equipment  has  been  specified  by  the 
armed  forces  in  both  world  wars.  We 
are  still  bending  every  effort  to  speed 
the  war  program  and  trust  it  will  not 
be  long  until  we  can  again  take  care  of 
your  civilian  needs  with  the  service 
equipment  that  is  held  in  highest 
esteem.  Write  for  Radio  Equipment 
catalogue. 

THE  HICKOK  ELECTRICAL 
INSTRUMENT  COMPANY 

10527,  Dupont  Ave.,  Cleveland  8,  Ohio 


INDUSTRIAL  OSCILLOGRAPH  (continu«|| 

der  visible  one  hundredth  of  a  mi¬ 
crosecond. 

The  timing  circuit  for  stationary 
film  is  shown  at  (a)  in  Fig.  4.  A 
direct  voltage  of  about  3  kv  is  ap¬ 
plied  to  the  outer  electrodes  of  the 
double  gap,  whose  spacings  are  set 
so  that  they  are  just  above  break¬ 
down  at  this  steady-state  condition. 
The  center  sphere  is  normally  at 
ground  potential.  Any  disturbance 
in  the  circuit  under  test,  such  as  the 
beginning  of  the  surge  to  be  meas¬ 
ured,  is  transmitted  to  the  center 
sphere  through  resistance  or  ca¬ 
pacitance  coupling.  This  sphere  u 
temporarily  thrown  off  ground  po¬ 
tential  which  makes  one  of  the  gaps 
break  down ;  fiashover  of  the  other 
side  follows  immediately  as  it  now 


0.1  0.2  0.3  0.4  0.5  0.6  0.7 

Microseconds 


Fig.  2 — ^This  oscillogram  of  a  dislsctile 
strongth  tost  of  a  cortain  insulating  pent 
shows  tho  offset  of  a  rapid  voltogs  iIm> 
If  a  tO-cydo  tost  voltogo  of  30  kv  woi 
appUod  to  tho  spoefanon.  flashoTa 
would  occur  olong  tho  ontsido  surfoe*. 
Sndi  a  tost  would  invito  fho  conduiics 
that  tho  pioco  could  not  bo  punctusd, 
but  that  tho  dischorgo  would  ahsop 
Kdeo  placo  along  Its  snrfaoo.  HowofK 
if  tho  voltogo  is  appHod  so  lost  tkd 
oatddo  floshovor  has  no  thno  to  d*- 
volop.  tho  dischorgo  fores  A* 

mndi  shorter  but  hordor  passage 
through  tho  motorloL  On  flio  first  flMl< 
dio  floshovor  occurred  around  tho  eto 
side;  tho  oscillogram  disclosos  thot  A* 
voltogo  had  risen  to  112  kv.  At  A* 
second  shot  no  ontsido  floshovor  wai 
visible;  tho  oscUlogram  shows  It  took 
105  kv  to  puncture  tho  matoiial  wMA 
proboblp  had  olroady  boon  domaged 
by  tho  preceding  surge.  Tho  next  csdl 
logram  proves  thot  tho  oamplo  so* 
definitely  Is  punctured  as  tho  voHog* 
coUopsos  ot  22  kv.  This  doiiiunsUUi* 
diort  It  tokos  o  rote  of  voHogo  riss  • 
about  1750  kv  per  microsecond  A 
puncture  this  porticnlar  Insulating  ai^ 
bor.'  This  voltogo  rise  is  about  lOOJP 
times  as  fast  as  that  prodnood  by  ^ 
60-cyclo  tost  and  cannot  bO  roeordjd 
by  onythlng  but  a  high-voltogo  osdlto 
graph 
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BETTER  INFORMATION 

on  thedua/ities  of  Laminated  Plastics! 


There  has  been  a  big  improvement  lately  in  the 
variety  and  quality  of  the  engineering  inior- 
mation  on  the  physical  and  chemical  qualities  of 
Formica. 


This  has  been  brought  about  by  recent  application 
of  the  latest  testing  equipment  to  Formica's  tests  in 
the  Formica  laboratory,  and  the  enlargement  of 
the  engineering  staff  to  moke  thousands  of  n'ew 
tests  possible. 


After  the  war  you  con  really  get  the  dope  on  the 
grades  of  Formica  you  may  be  considering  for  your 
various  applications.  It  will  be  os  complete  and 
thorough  os  that  available  for  cmy  other  moterioL 
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*  broad  Band 
*^bsponse 


RHOMBIC 

transformer 


ANDREW  CO 


363  EAST  75»h  STREET 
CHICAGO  19,  ILLINOIS 


INOUSTKIAL  OSCILLOGRAPH  (contlnu«d) 

is  subjected  to  double  voltage.  The 
pair  of  Cl  capacitors  discharges, 
causing  the  voltage  at  C»  to  rise  at  a 
definite  rate  which  in  turn  produces 
the  time  sweep  in  the  oscillograph. 
At  the  same  *  instant,  voltage  is 
thrown  on  to  the  electrodes  of  the 
ray-blocking  section  by  the  dis¬ 
charge  of  capacitor  C«.  This  bends 
the  beam  around  the  target. 

Sharpness  of  the  electron  pencil, 
high  writing  speed  and  accuracy  in 
timing  are  not  the  only  features  re- 


HOkv 


Fig.  3 — Four  tMt«  of  tho  sporkovor  tfaM 
of  a  protoctiTo  dorloo  at  four  dtfforwl 
ratM  of  Tohago  rlso.  Tho  timo  twMp 
starts  within  loss  than  1/10  micro 
socond  from  tho  boginning  eJ  tho  surgs 


quired  for  high-quality  recordinf. 
The  oscillograms  primarily  must  be 
true  and  free  of  distortion.  In  hi{^- 
voltage  laboratories,  where  volt¬ 
ages  rise  and  collapse  at  the  rate  of 
hundreds  of  kilovolts  per  microsec¬ 
ond  and  where  surge  currents  (rf 
thousands  of  amperes  are  dis¬ 
charged,  spurious  voltages  and  maf* 
netic  fields  are  a  considerable  prob¬ 
lem.  Their  influence  on  the  accur¬ 
acy  of  measurements  is  reduced 
further  if  the  measuring  voltage 
applied  to  the  deflecting  plates  is 
large  in  proportion  to  the  spurious 
disturbances.  A  high  voltage  at  the 
deflection  plates  in  turn  demands  s 
much  higher  potential  for  generat¬ 
ing  the  cathode  beam  because  its 
speed,  having  been  established  by 
the  cathode-anode  accelerating  po¬ 
tential,  must  remain  essentially  con¬ 
stant  as  it  passes  the  fields  of  the 
deflecting  electrodes ;  the  latter 


measuring  voltages  would  radically 


accelerate  and  retard  it  and  deflect 
it.  beyond  the  limits  of  the  record¬ 
ing  apace  if  they  were  of  the  same 
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If  you  need  an  electrical  insulation  that’s  not 
affected  by  temperatures  up  to  1200®F.,  yet  is 
unusually  flexible,  workable  and  durable,  you’ll 
find  it  in  BH  Special  Treated  Fiberglas  Sleeving. 
Even  in  direct  contact  with  heat  units  this  re¬ 
markable  sleeving  won’t  burn. 

Reason?  It’s  made  of  inorganic  Fiberglas  and 
treated  by  the  exclusive  BH  process.  No  saturant 
is  used,  yet  the  sleeving  won’t  fray  when  cut  and 
it  is  permanently  flexible.  In  addition  to  many 
other  properties  it  is  moisture,  oil  and  grease  re¬ 
sistant  .  .  .  works  e^ier,  simplifies  assembly  and 
lasts  longer.  Made  in  natiiral  color  only— all 
standard  sizes.  Get  your  free  samples  today  and 
compare! 

HERTS  ANOTHER  NON-BURNING  SLEEVING 

BH  Extra  Flexible  Fiberglas  Sleeving  won’t 
bum  because  both  yams  and  impregnation  are 
non-inflammable.  This  high  quality  sleeving  has 
all  the  advantages  of  pure  Fiberglas,  is  toughened 
against  abrasion,  is  non-fraying  and  non-stiffen¬ 
ing.  It  lasts  indefinitely  without  rotting  or  crack¬ 
ing— the  ideal  all-purpose  electrical  insulation  for 
all  kinds  of  industrial  equipment  and  home  appli¬ 
ances.  Available  in  all  standard  colors  and  sizes 
from  No.  20  to  inclusive.  Put  it  to  the 
toughest  tests  you  know  and  watch  the  results! 

ML  M  pioofcn  hmimi  m  stanimio 

Zr  LEMTIS  MW  SM-R.  COILS 


Dwpt.  E  ConslMshockH/  PwniiM. 
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INCHtSTftiAL  OSCIUOeitAPH  (centinu*^) 

order  ae  the  beam-generating  po¬ 
tential. 

The  pumped  oscillograph  with  in¬ 
film  also  shows  very  desir- 
performance  characteristics 
it  is  used  for  long  high-speed 
oscillograms  obtained  by  means  of 
rotating  drum  (Fig.  5).  In  tak¬ 
ing  them,  the  cathode  beam  is  d^ 
fleeted  only  in  accordance  with  the 
measured  voltage  while  the  time 
scale  is  provided  by  the  motion  of 
the  motor-driven  drum.  The  drum 
periphery  is.  18  inches;  hence,  rec- 
times  as  long  as  those 
possible  on  stationary  film  or  screen 
are  obtained  in  one  revolution.  The 
time  scale  is  by  no  means  as  fast  u 
that  possible  with  stationary  film  u 
the  maximum  speed  permitted  by 


Suggested  uses  for 
TELEX 
TWINSET 

Switchboard 
Airport  radio  rocoivors 
Radio  stations 

Sound  rosoorch  ioborotorios 
Dictating  Equipment 
Modicol  stothosoopk  uso 
I.  C.  system  for  trains 
Civk  Depts.  (find  water  main 
or  conduHs) 

PUtUC  HIARmO 
Theatres 
Churches 
Auditoriums 

aVIUAN  USI  IN  riANIS 

Piiot 

Passenger  radio  selection 
Telegraph 
Monitor  radio 


“T/»e  new  TELEX  TWINSET  in  our 
neighborhood  theatre  is  a  lifesaver  for  me. 
There's  no  more  hunting  for  a  front  row 
seat.  I  simply  snap  on  a  set  of  sterilized 
Incite  ear  tips,  and  1  never  miss  a  word." 

This  statement  should  be  a  fact . . .  when  firing  ceases  on 
the  war  fronts. 

Cleverly  designed  to  wear  under  the,, 
chin  instead  of  over  the  head,  the  new 
TELEX  TWINSET  is  one  of  the  newest 
engineering  developments  in  electro¬ 
acoustics. 

Gone  will  be  the  ear  pressure  and  head 
fatigue  suffered  with  most  head  sets,  for 
the  TELEX  TWINSET  weighs  just 
ounces  and  only  requires  space  of  5x6 
inches. 

Why  not  learn  how  it  can  help  simplify 
a  project  on  your  schedule?  Write  for 
more  information  about  the  new  TELEX- 
TWINSET. 


TELEX 

PRODUCTS  COMPANY 

E  LfCTU  ONiC  PRODUCTS  DIVISION 
V/  MrfNNEAPpLIS  1,*  N*l  ESQTA  “ 


Pig.  5 — (a)  Flfan  dmm  houiliig  ghewa 
'  ottochod  to  fho  bottom  ond  of  tho  eadt 
logroqijh  in  Rg.  1.  Dork  ahlold  (b)  k 
naod  to  cony  loodod  film  dmm  to 
oBcillograpli.  Desk  ahlold  eylfaidaf. 
eontedning  tho  drum,  ia  aot  Into  raeau 
(e)  and  drum  ia  pnahod  on  to  ahoit  (d). 
Whon  dork  ahlold  ia  romorod.  drm  h 
aoolod  ogoinat  Hgdit  by  tiho  doao  daa- 
onco  botwoon  ita  rim  (o)  and  dio  aa^ 
rounding  houaing.  For  timing.  Utli 
aourco  (f).  through  alot  (g)  cmd  tnta 
(h)  will  onorgizo  phototu^  in  ooa- 
•  •  ;  <  talnor  (k) 

the  strength  of  the  film  is  about  one 
inch  in  1/2000  second. 

If  the  rotating-^^m  method  b 
employed  with  a  sealed-glass  tube, 
the  image  on  the  fluorescent  screen 
must  be  photographed...  With  the 
tiine  .sweep  remaining  inoperative, 
the  voltage  deflection  moves  up  nnd 
down  along  a  fixed  line.  Therefore, 
the  fluorescence  due  to  one  sin^ 
deflection  must  be  allowed  to  fade 
‘  but  before  the  same  line  can  be  re¬ 
traced  by  the  cathode  beam.  Other¬ 
wise/^  the  oscillogram  will  be  one 
•eontkiuous  blur.  Similar  problem* 
are  encountered  in  television  tube* 
and  other  field-scanning  appHc*' 
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wireless 


Executive  and  Sales  Office 
1475  BROADWAY,  NEW  YORK  18 


llto  MONTIVIOfO  MANIilA  tlANI  SANTIAGO  Oi  CHIU  NfWTQtK  CHICAGO  lOS  ANGCtlS  iONOON 


tone  k 


creen 


/  TONE  KEYER  TK-6A 

Six  different,  standard,  high-stability  channels  ^ 

1^. :  .  High-speed,  low-transient  keying  capabilities  better  than 2,000 w.p.m. 
:i||^,'  :Thyratron  trigger  circuit  eliminates  iidierent  keying  Idas  : 

;  ||^:  Conshmt  amplitude,  sine-wave  output  over  entire  tonal  range 
;  w  StinidardlO  Inch,  ra^'  mounted 

Modem  blue-grey  wrinkle  finish  ^ 

r  Operblot  from  Tlb/115  voHi,  50/60  cycUs  AC  ■ 

;  Available  in  sfrict  priority  sequence  m 

;  :  ^  Send  for  free  dato  sheet  m  ‘ 
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you’ll  find . . . 


Photot  eouTtuv  Pan  American  World  Airways 


KESTER  CORED  SOLDERS 


•  Dependable  solder-bonds— like  thousands  of  other  details  of  construction, 
maintenance  and  operation— are  vital  to  the  performance  and  safety  of  the 
greet  Pan  American  fleet.  Solder-bonds  aboard  the  famous  Flying  Clippers 
must  hold  under  all  operating  conditions. 

•  Kester  Cored  Solders  i>rovide  the  precise  solder-bond  dependability  Pan 
American  requires.  They  are  virtually  mistake-proof  in  application,  because 
they  contain  positive-acting  flux.  Flux  and  free-flowing  alloy  are  applied  in 
one  quick,  easy  operation. 

•  The  solder-bonds  thus  formed  not  only  are  clean,  but  hold  against  shocks, 
vibration,  bmding,  twisting,  and  contraction  and  expansion  caused  by  tem¬ 
perature  changes. 

•  Kester  RosIn-Cere  Solder  is  laboratory-perfected  for  electrical  work.  The 
patented,  plastic  rosin  flux  will  not  cause  corrosion  or  injure  insulation. 
Dangers  of  short  circuits  are  eliminated.  Terminals  are  permanently  protected. 

•  Kester  Acid-Core  Solder  is  laboratory-perfected  for  general  work.  The  core 
will  not  leak.  The  flux  is  a  rapid-acting,  all-purpose  flux. 

9  The  complete  Kester  Line  includes  just  the  right  strand  and  core  sizes, 

and  alloy  and  flux  combinations,  for  each  of 

the  solder-bonds  you  form.  And  Kester’s  46 

years’  solder  experience  and  laboratory  re- 

search  are  at  your  service.  Kester  engineers  will 

be  glad  to  assist  you  on  any  solder  problem. 


it  BUY  WAR  BONDS  it 


Fig.  6 — By  means  of  handles  (a)  tsm 
'  perorlly  Inserted  into  its  top  plate,  ths 
innne  carrying  all  beam  deflecting  sis' 
ments  eon  be  polled  out  of  the  osdUS' 
graph  tube.  Contact  springs  (b)  coo- 
noct  the  various  electrodes  to  the  bosh' 
ings  in  the  houring.  Most  parts  cos 
be  identified  by  reference  to  Fig.  4* 
(c) — Torget.  (d)— Mognetfc  shield 

around  main  concentration  coil 


oscillograph  tube,  a  metal  tongue  or 
target  bars  the  electron  beam  a* 
long  as  it  is  not  deflected  from  the 
centerline  of  the  instrument  by  a 
potential  difference  between  the 
electrodes  located  above  it.  If  a 
sufScient  fleld  develops  between 
these  electrodes,  the  beam  moves  off 
the  target  and  an  identical  set 
plates  l)elow  the  target  brings  it 
back  on  the  centerline. 

'When  losing  tlie  exposure  button 
(lower  comer  of  Fig.  4),  the  same 
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in  the  2lst  round,  Girbett  had  that  touch  of 
quality  ~  of  extra  quality— th^  expressed  itself 
in  victory.  For  superior  performance  in  any 
prc^dct— just  as  with  Victory  in  the  pfue-ring 
r- Quality  Counts! 


THE  WARD  PRODUCTS  CORPORATION 
1523  East  45tli  Stroot 
Clovaland  3,  Ohla 
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In  1892,  James  J.  Corbett  beat  John  L.  ^plUvaa; 
to  win  the  hi^vy weight  championship  of  the 
world.  Corbett,  who  was  considered‘^‘hovice 
in  the  ring,  weighed  only  186  pounds  to  Sul¬ 
livan’s  220,  and  yet  he  knocked  out  Sullivan 


. PHO04ICTS 

aality  producfe^'ti&i'-Wifek«MaMi^|^ 
^Ihrsmen  using  modern  eqeEipiH|Dtundcr^di|U 
l^ditions.  Constant 


industrial  0SCIU06RAPH  (continued) 

potential  of  about  1000  volts  is  ap> 
plied  to  all  ray-blocking  electrodes; 
there  is  yet  no  field  between  them 
and  the  beam  remains  cutoff.  How¬ 
ever,  when  the  slot  in  the  rim  of  the 
rotating  drum  permits  light  from 
the  lamp  inside  the  drum  to  strike 
phototube  No.  1,  the  negative  bias 
of  triode  No.  1  collapses  and  the  cir¬ 
cuit  branch  i2,  carries  current. 
The  voltage  drop  across  Ri  now  un¬ 
blocks  the  beam.  At  the  same  time, 
the  voltage  drop  across  R,  raises  the 
level  of  the  voltage  source  which 
first  kept  the  grid  of  triode  No.  2 
strongly  negative.  Now,  when  pho¬ 
totube  No.  2  is  energized  again  by 
light  through  the  slot  (one  revolu¬ 
tion  after  the  process  was  started  in 
No.  1),  the  collapse  of  its  potential 
is  sufficient  to  make  the  grid  of 
triode  No.  2  positive.  This  starts 
current  through  R,  which  practi¬ 
cally  cancels  the  potential  difference 
between  the  opposing  ends  of  Ri  and 
R„  and  hence  retraps  the  beam. 


Make  Plans  Now 
for  the  coining  . 


PLASTIC  EBA 


Consult 


Construction 

The  cathode  tube  of  the  unit  is 
constructed  of  seamless  steel  tubing 
joined  with  high-grade  iron  cast¬ 
ings  ;  the  latter  are  visible  in  front 
of  the  center  of  the  steel  cabinet. 
They  contain  the  rotating  film 
drum,  the  stationary  film  holder 
and  the  fluorescent  screen.  All  ac¬ 
cessories,  including  the  50-kv  cath¬ 
ode  voltage  supply,  are  housed  in 
the  same  cubicle.  The  pumps,  con¬ 
sisting  of  an  oil  pump  for  the  fore¬ 
vacuum  and  a  mechanical,  grooved 
cylinder-type  molecular  pump,  ex¬ 
haust  the  instrument  in  about  10 
minutes  to  a  hard  vacuum  at  which 
no  discharge  can  form  between  the 
I  anode  and  the  cold  cathode.  The 
I  latter  consists  of  a  small  aluminum 
cylinder  without  any  heater.  The 
electron  pencil  is  formed  through 
ionization  by  coUison.  This  requires 
a  definite  gas  pre^ure  which  is  con¬ 
trolled  by  air  admitted  through  the 
leak  valve.  The  latter  reduces  air 
of  atihbspheric  pressure  to  the  re¬ 
quired  vacuum  which  ranges  from 
5  to  15  microns  depending  on  the 
desired  beam  current.  Despite  the 
high  reduction  in  pressure  accom¬ 
plished  with  the  valve,  the  latter  is 
very  sensitive  to  small  changes  in 
atmospheric  pressure.  Small  vari¬ 
ations  of  the  intidee  pressure  can 
j  readily  be  produced  by  taking  the 


The  very  obfectionable 
concentrated  beam  at  high 
frequencies  in  lound  repro¬ 
duction  is  eliminated  by  the 
Duplex  Speaker.  Even  at 
15,000  cycles  plus,  the 
DUPLEX  speaker  distributes 
high  quality  sound  60  de¬ 
grees  horizontally  and  40 
degrees  vertically  os  com¬ 
pared  to  the  5  degrees  of 
single  unit  speakers  of  com¬ 
parable  size.  Another  rea¬ 
son  why  the  DUPLEX  is  the 
SPEAKER  that  REVOLU¬ 
TIONIZES  the  methods  of 
sound  REPRODUaiON. 


•  Here  at  Rogan,  seasoned 
engineers  are  ready  and  will* 
ing  to  assist  you  in  deter¬ 
mining  your  post-war  Plastic 
requirements. 


Whether  your  peacetime 
products  are  to  include  elec¬ 
tronic  equipment,  electrical 
appliances,  stoves  or  wha^ 
have  you,  the  Rogan  Organ* 
ization  will  gladly  provide 
cost-free  advice  on  all  phases 
of  plastic  production. 


SEND  FOR  BULLETINS 


Send  us 

^  t 

Your  Specifications  Today t 


B06M  BBOTHEBS 


LANSiNO  CORPOPATION 


Compression  Molders  and  Branders 
of  Plastics 

2003  So.  Michigan  Avenue 
Chicago,  Illinois 


1210  TAFT  HDG..  HOUVWOOO  2t,  CAllf. 
250  WeST  57  STSKT.  NIWYOMC  19,  N.  Y. 
IN  CANAOAt  NOfRTHIRN  CUCTMC  CO. 


Every  Inspector  should  have  one 
Versatility  is  its  middle  name 

Here’s  the  Vernier  principle  applied  for  the  first  time 
to  gage  block  practice!  The  DoALL  Vernier  Block  has 
a  nominal  size  of  7-tenths  of  an  inch  but,  by  sliding 
its  halves,  will  measure  from  .699900”  to  .700100”  in 
gradations  of  10-millionths  of  an  inch  (.0000010”). Halves 
1.000005”),  thirds  (.00000333”  and  .0000066”)  and 
quarters  (.0000025”  and  .0000075”)  can  be  estimated 
readily,  and  fifths  (.000002”)  and  tenths  (.000001”) 
easily  with  a  magnifying  light. 

H's  the  handiest  instrument  you’ve  ever  seen.  Once 
used,  no  inspector  will  do  without  it. 


Her*  the  V«rni«r  Block,  moved 
to  the  left,  reduces  the  open* 
ing  of  this  internol  snap  gage 
assembly  by  20  millionths  of 
on  inch. 


Here  is  the  DoALL  Vernier  Gage  Block  in  use 
in  a  difficult  height  gage  combination, 
measuring  to  five  millionths  of  on  inch.  / 


COMPLETE  INSPECTION 
COURSE.  EIGHT  LESSONS 
FREE  TO  EACH  PURCHASER. 


HANDBOOK —Write  for  free 
copy  of  our  new  QUALITY 
CONTROL  book. 


Where  OeAll  Oeges  are  made 


CONTINENTAL  MACHINES,  INC. 

1 366.  S.  Washington  Avonue  •  Minnoapolis  4,  Minn, 
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INDUSTRIAL  OSCILLOGRAPH  (continual 

air  from  a  chamber  rather  than  di> 
rectly  from  the  atmosphere.  Thi 
pressure  in  this  chamber  can  bi 
finely  varied  by  the  screw-controlled 
expansion  and  contraction  of  a  set 
of  bellows.  The  device  can  remah 
set  in  any  particular  position  for  « 
long  time  as  the  rate  of  air  flow 
through  the  leak  valve  is  very  smak 
This  and  other  means  for  fur¬ 
thering  ease  of  operation  and  re¬ 
liability,  developed  through  yean 
of  use  in  high-voltage  laboratoriei 
and  on  factory  test  floors,  have 
made  the  high-voltage  electrooie 
oscillograph  the  instrument  which 
now  finds  application  in  new 
branches  of  engineering  such  as  the 
field  of  airplane  engine  ignition. 


INNEY 

lIGH  VACUUM 


HIGH  VACUUM 

PUMP 


X  HOUSANDS  of  KINNEY  Vacuim  Pumps  ore  serving 
Industry  in  countless  ways,  maintaining  the  low  absolute 
pressures  required  in  making  electronic  products,  in  sinter¬ 
ing  alloy  metals,  in  coating  lenses  and  producing  drugs. 
Proved  and  dependable,  they  con  be  relied  upon  for  years 
of  exacting  service.  KINNEY  Single  Stage  Vacuum  Pumps 
maintain  low  absolute  pressures  down  to  10  microns; 
KINNEY  Compound  Vacuum  Pumps  to  0.5  micron. 

Further  information  on  request 

KINNEY  MANUFACTURING  CO. 

3565  Washington  SU  Boston  30,  Mass. 

■•w  York  •  CUcoge  •  Philadelphia  •  Loe  AagelM  •  Soa  Fraadsoe 

Wa  also  Biaaafaetaro  Vocuom  Tight  Volvos.  liqidd 
Pamps,  ClatdiM  cmd  Bltomiaous  INsMbutors 


Automatic  Position 
Indicator  for  Aircraft 

One  reason  for  the  success  of  thi 
bombing  raids  on  Japan  is  the  un 
of  an  automatic  position  indicate 
that  gives  continuous  indications  of 
latitude  and  longitude  while  in 
flight.  These  are  shown  on  the  in¬ 
strument  panel  compass  dial  shown 
in  the  illustration.  The  unit  was  de¬ 
veloped  by  engineers  of  Eclipse- 
Pioneer  Division  of  Bendix  Avia¬ 
tion  Corporation  in  cooperatiw 
with  the  Army  and  Navy  air  forcea 
The  air  position  indicator,  called 
API,  combines  the  rotational  speed 
of  the  true  airspeed  pump  with  the 
directional  signal  from  the  compaa 
and  produces  continuous  indication 
of  the  air  plot  in  latitude  and  longi¬ 
tude.  Proper  application  of  the  wind 
vector  (the  distance  by  which  the 
air  mass  has  moved  over  a  specified 


CloMop  Ttew  of  flio  ponol  iadkde 
•howing  flio  censton  for  loUtodo 
kmgltiido  chongo  and  air  aaflow^ 
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Here  is  advanced  Relay  Engineering! 


TYPE  BN 

TH«  AIUmI  4-pol«,  double-throw  BN  ly|M  ombodios 
mony  now  hnprovomonts  for  heavy  duty  6-pole 
twitching  . ,  .  permits  individuol  odjuttment  of 
contacts.  Avoided  Bakelite  it  used  throughout  the 
relay.  Contacts  are  rated  at  10  Amperes.  As  in  all 
Allied  relayt,  the  BN  it  designed  for  compoctneu 
ond  minimum  weight.  AAay  be  furnished  normally 
open  or  normally  closed  or  double-throw.  Avail- 
oble  In  AC  or  DC,  Weighs  1 1  os.  Write  for  com¬ 
plete  operating  characteristics,  etc. 

Height:  2  9/16"  Length:  3"  Width:  1  23/32" 


TYPE  CN 

The  CN  relay  it  the  result  of  advanced  engineer¬ 
ing  technique  and  succeeds  Allied's  successful  AN 
type ...  a  power  relay  expressly  designed  for 
breaking  heavy  current.  Contact  rating  is  50  Am¬ 
peres  at  24  Volts  DC  with  silver  contacts;  with 
alloy  contacts  the  contoct  rating  is  75  Amperes  at 
24  Vohs  DC.  frhe  fatter  arrangement  with  the 
elley  contocts  it  known  os  the  CNS  type.)  The  con¬ 
tact  arrangement  it  tingle  pole,  tingle  throw, 
double  break,  normally  open  or  nonnaiiy  dosed. 
The  new  design  incorporates  molded  Bakelite  intu- 
lotion,  greater  electrical  clearance  and  over-all 
Improved  mechanical  structure.  Available  in  AC 
or  DC.  Complete  data  on  request. 

Height:  21^"  Ungth:  2\h"  WhMi:  2" 


The  two  relays  described  above  are  typicol  examples  of  the  many  new  types  of 
relays  Allied  is  constantly  designing  for  its  customers’  widely  diversified  requirements 
Allied’s  engineering  staff  continually  works  to  improve  relay  designs  and  to  de¬ 
velop  new  magnetic  control  devices  for  present  and  future  manufacturers  whose 
products  require  electrical  control.  The  highly  practical  accumulated  knowledge  of 
these  men  is  at  your  command.  Send  us  your  control  problems! 


ALLIED  CONTROL  COMPANY,  INC. 

1  EAST  END  AVENUE  oi  /Vth  $ir,..  •  NEW  rOPK  2 1  N 

•  ('lA-.’S-  .t 

All. ED  CONTPOl  CO  O'  Ca.  A  •  ''.Vi  HOPE  .TWEET  .  a-.'-KE'.  ‘  - 

A,i  tr.  -o-.’POl.  COvPA-,T  s:  .  AW'  sow'H  a/E-.uE  •  m  a  .  .  -  . 
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light  source  it  mounted  in  a  small  probe 


This  makes  it  easy  to  examine  smali  objects  at  close  range.  Provision  is 
made  to  operate  the  unit  from  external  tuning  fork  or  crystal  standards, 
where  extreme  accuracy  is  required.  The  motion  of  objects  moving  at 
irregular  speeds  may  also  be  "stopped"  with  the  Model  1200.  An  accu* 
rate  repetitive  pulse  rate  is  obtained,  as  the  pulses  are  derived  from  a 
stable  audio  osciliator. 

Not  only  does  this  eliminate  the  necessity  for  constant  readjustment 
of  the  repetitive  rate,  but  it  also  insures  clearly  defined  Images  at 
high  speeds. 

For  greater  flexibility,  a  light  intensity  control  switch  is  also  provided. 
This  enables  the  user  to  control  both  the  Intenfity  of  the  light  and  the 
duration  of  the  pulse  length. 


WRITE  FOR 
DESCRIPTIVE 
BULLETIN 


COMMUNICATION 

MEASUREMENTS 

LABORATORY 


IM  (MHWflmCM  ST,  NiW  YOM  N.  T. 


API  iaatcdled  on  a  typical  aircrait  i» 
stnnnent  panel  to  provide  conttonoM 
.  reodlneB  oi  loUtode  oxtd  longltade 

seventy  or  eighty  miles  per  hour, 
and  the  API  then  swings  into  oper 
ation.  Magnetic  north  variati<n 
must  be  set  in  manually  a  degree  st 
a,time  as  the  flight  progresses,  is 
order  that  the  compass  input  re^e^ 
ence  is  true  north  for  resolution 
into  geographic  coordinates. 

Wind  can  be  determined  by  the 
API  itself  by  noting  the  difference 
in  air  position  as  read  on  the  API 
and  ground  position  as  determined 
by  a  check  point,  after  flying  for 
about  /orty  minutes  from  a  point 
where  the  API  was  set  to  ground 
position.  The  wind  thus  dete^ 
mined  can  be  used  for  future  flyinf 


POSITION  INDICATOR 


(coirtitiMi 


period  of  time)  to  this  air  positio 
yields  ground  position.  The  reat 
ings  of  latitude  and  longitude  aj 
pear  on  the  two  drum-type  counter 
which  are  initially  set  to  the  prop< 
latitude  and  longitude  of  the  tab 
off  point  and  can  be  reset  anytin 
when  passing  over  a  check  point  i 
flight.  The  indicator,  more  specil 
cally  called  the  computer,  also  regi 
ters  total  air  miles  traveled  and  hi 
a  compass  dial  and  pointer  whu 
must  necessarily  indicate  headin 
with  respect  to  true  north." 


Corrections 

Operation  of  the  instrument  coi 
sists  of  checking  the  compass,  ei 
ergizing  the  API,  and  setting  tl 
counters  to  the  proper  latitude  ai 
longitude  before  take-off.  Durii 
the  take-off  run,  the  true  airspei 
pump  begins  to  operate  at  aboi 


at  the  end  of  a  five-foot  flexible  cable. 


Rotary  speeds  from  600  to 
RPM  —  or  vibrations  from  1 0  to 
CPS  —  can  be  "stopped"  and  studied 
with  the  Model  1200  Stroboscope.  The 
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•AYOVA^! 


RAY-O-VAC  COMPANY,  MADISON,  WISCONSIN 


^HER  FACTORIES'AT  CLINTON,  MASS.,  LANCASTER,  o’,  SIOUX  CITY,  lA.,  FOND  DU  LAC,  WIS.,  MILWAUKEE,  W 


when  you  reveall 
your  post-war  line 


•  •  •  If  your  V-Day  products 
will  require  dry  batteries,  be  sure  to  include  Roy-O-Voc 
in  your  plans.  The  know-how  that  has  solved  so  many 
portable  power  problems  for  the  armed  forces  can  be  of 
great  value  to  you.  Ray-O-Vac  engineers  are  at  your 
service.  Write  Dept.  I-A. 
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rOSITION  INDICATOR 


(continiM^ 

until  a  wind  shift  is  suspected  or 
observed,  and  is  frequently  mow 
suitable  than  a  wind  determined  by 
double  drift  because  the  latter  is  a 
spot  wind  whereas  the  former  is  an 
average  wind. 

Main  Unit$ 


As  in  use  by  the  Army  Air  ForoM 
today,  the  system  consists  of  the 
compass,  the  pump,  the  controlhr, 
the  electronic  amplifier,  and  the 
computer. 

The  pump  consists  simply  of  a  (k 
series  motor  with  a  centrifugal 
blower  or  fan  mounted  on  its  shaft 
This  has  a  compartment  around  H 
for  circulating  outside  air  in  order 
to  maintain  it  as  nearly  as  possiUe 
at  outside  air  temperature.  Statfc 
pressure  of  the  outside  air  is  lei 
into  the  axis  of  the  centrifugal 
blower,  which  generates  a  di^fe^ 
ential  pressure  above  this  statk 
pressure  as  it  runs.  The  motor  aln 
carries  a  gear  reduction  to  which  ii 
connected  the  output  shaft  to  the 
computer. 

The  pressure  generated  by  the 
pump  is  fed  into  one  diaphragm  § 
the  controller.  The  other  diaphragf 
in  the  controller  receives  pitot  pr» 
sure,  and  together  these  two  contwl 
a  switch  to  the  driving  motor  in  the 
pump.  In  attempting  to  keep  the 
pressures  in  these  two  diaphragms 
matched,  the  pump  speed  varies 
with  pitot  pressure,  and  in  doing  w 
its  speed  of  rotation  is  directly  pro¬ 
portional  to  true  airspeed. 

The  rotational  speed  from  the 
pump  motor  is  fed  into  the  com¬ 
puter,  which  employs  the  weD- 
known  ball-disk  integrator  scheme. 
The  pump  motor  actually  drives  two 
disk-plates,  one  for  latitude  and  one 
for  longitude.  The  latitude  disk 


ESEMTATIVE 


HELPING  SOLVE  MICROI 


PROBLEMS  IS  HIS  BUSI 


Th«  Turner  Company  ia  proud  o£  its  thoroughly  expari- 
onead  staff  of  raprasantativas.  This  competent  group  is 
qualified  in  every  field  of  microphone  application.  These 
men  are  ready  to  study  your  electronic  communications 
problems  NOW.  You  are  invited  to  call  in  your  nearest 
Turner  Representative  for  expert  advice  and  suggestions  in 
selecting  the  right  microphone  for  your  purpose.  He  is  at 
your  service  whether  you  need  job  lots  or  single  units.  Call 
him  today! 


BOSTON 
H«iin  P.  S«c»l  Co. 

221  Columbus  Aronuo 
Boslou,  Msss, 


GREELEY 

Gordon  G.  Moss 
P.  O.  Bos  428 
Grooloy,  Colorado 


LOS  ANOELES 
David  N  Marshank 
Marshank  Salas  Co 
2022  Wasi  lllh  St. 
Los  Angalas  6,  Calii. 


CHICAGO 
Royal  I.  Hie 
600  S.  Mid 
Chicago  S, 


HENDERSONVILLE 
Harb  Erickson  Co. 

P.  O.  Bos  179 
Handarsonvilla,  N.  C. 


[ins 

ioan  Avanua 


MILWAUKEE 
Irvin  I.  Aaron 
4028  N.  16th  St. 
Milwaukaa  9,  Wiso. 


CLEVELAND 
Earl  S.  Diatrich 
707  Hanna  Bkh 
Clavaland  15,  C 


dENKINTOWN 
D.  M.  HiUiard 
Bos  246 
Jankintown,  Pa. 


DALLAS 
Ernast  L.  Wilks 
1212  Camp  St. 
Dallas  2.  Tasas 


KANSAS  CITY 
Edw.  B.  Lundgran 
516  Migrs.  Esch.  Bldg.) 
Kansas  City  6,  Mo. 


SEATTLE 
Varnar  O.  lansan  Co. 
2607  2nd  Avanua 
Saattla  1,  Washington 


DETROIT 
Piad  I  Stavaaa 
15126  E.  Warrau  Ava. 
Datroit  24,  Michigan 


MONTREAL 
Sni'Dor 
Radiolactric  Ltd. 
455  Craig  St^  W. 
Montraal,  Quabao 


by  the  input  compass  signal  throu^ 
the  API  amplifier.  The  latitude 
counter  is  driven  in  a  similar  man¬ 
ner.  o 


Aid  to  Navigaior 
When  properly  operated,  the  ah 
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A  LOWER  COST  of  MANUFACTURING 
is  one  of  many  advantages  Whitaker  offers  you 
on  Cables,  Wiring  Harnesses  and  Assemblies 


You  can  save  time,  grief  and  money  by 
utilizing  our  specialized  facilities  for  pro¬ 
ducing  wiring  assemblies,  flexible  leads, 
and  other  cable  products  .  .  .  Furthermore, 
the  economies  gained  will  be  big  factors 
in  enabling  you  to  lower  your  cost  of  manu¬ 
facturing...  No  job  is  too  complicated 
for  us.  Our  experience  is  broad,  and 
our  production  facilities  are  adequate 
. . .  During  the  past  25  years  we  have 
supplied  cables  to  manufacturers  of 


Cci^ 


a  widely  diversified  list  of  products,  and 
our  present-day  facilities  should  be  of 
great  value  to  nmkers  of  trucks,  tractors, 
trailers,  temks,  radios,  electric  ranges,  hot 
water  heaters,  airplanes,  ships,  electric  ap¬ 
pliances,  battery  clmrgers,  scientific  equip¬ 
ment,  and  many  other  items  ...  In 
addition  to  an  engineered  wiring 
service,  Whitoker  also  offers  a*  qual¬ 
ity  line  of  standud  cable  products . . . 
We  cordially  invite  you  to  write  to  us. 


WHITAKER  CABLE  CORPORATION 

General  Offices:  1307  Burlington  Avenue,  Kansas  City  16,  Missouri 
Factories!  Kansas  City,  Mo.  •  St.  Joseph,  Mo.  •  Philadelphia  •  Oakland 


O  ;  /'  i 

I  ■■  i.M  •,  :-r-. 


For  more  than  10  years 

Vie  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe¬ 
cialists  as  well.  Consult  ns  on  your  ^‘crystal 
problems’*. 

★ 

PETERSEN  RADIO  CO. 

Council  Bluffs,  Iowa 

C«rST4U  nCLUSIttLY  SINCf  1934 
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POSITION  INDICATOR  (continu«d| 

position  indicator  gives  the  navi¬ 
gator  a  CQntinuous  indication  of  hii 
air  plot.  However,  it  cannot  b« 
called  an  automatic  navigator  and 
was  never  intended  to  replace  the 
navigator.  Its  purpose  is  to  act  n 
an  aid  to  the  navigator,  to  do  hii 
job  of  dead-reckoning  for  him  when 
his  other  means  become  impossibb 
as  during  evasive  action,  to  cany 
on  for  him  over  limited  periods  erf 
time  when  he  must  leave  his  work  to 
do  other  jobs  such  as  operate  giuu, 
Such  other  functions  include  keep¬ 
ing  account  of  distance' traveled 
tween  celestial  shots,  determining 
winds,  and  aiding  in  computing 
gasoline  consumption  and  range.  It 
can  also  be  used  on  long  straig^ 
flights  but  is  really  not  necessaij 
because  of  the  simplicity  in  pe^ 
forming  such  a  task  with  elemen¬ 
tary  instruments. 

•  •  • 

50,000  Honrs  for  GR  Tube 

Installed  in  the  WGAE,  Pitti- 
burgh,  transmitter  in  August  1989, 
an  RCA  type  904  cathode-ray  tubi 
is  still  operating  as  well  as  it  did 
flve  and  a  half  years  ago. 


1M  NOITN  IMi  n.  PRIRGETON.  INDIANA 


Potter  &  brumfield  standard  relays 

are  available  in  many  sixes,  with  a  full  range  of  coil  voltages  and 
simplified  designs  to  fit  most  standard  applications. 

Compact,  sturdy  and  easily  mounted.  Potter  8t  Bnunfield  Standard 
Relays- will  often  do  the  job  better  than  special  designs.  They’re  made 
of  finest  materials,  assembled  by  skilled  hands,  and  are  built  to  speci¬ 
fications  established  by  long  experience  in  actual  iise.  Standard  Relays 
are  ECONOMICAL,  deliveries  are  prompt.  If  a  Standard  Relay  will 
do  the  job,  that’s  the  one  to  buy. 


Wnt*‘  for  catalog  giving 
anci  cornplete  specifications  on 
all  types  of  Stanciard  Keloys 


At  WCAE.  PWsbiirvh,  dilaf  ravM 
lamas  Scholts  shows  tha  long-Uia  coi^ 
oda-roy  tuba  to  J.  H.  laachia  of  BCA- 
Instollad  mora  than  fiva  yaors  oga  h 
tha  modulation  monitor,  tha  tuba  ^ 
providas  elaar  pottams  on  its  sosM 

This  amounts  to  a  service  record 
of  50,000  hours,  better  by  a 
and  a  half  the  service  given  by  ti» 
previous  RCA  904  tube,  the  orif' 
inal.tube  installed  in  the  transffltt’ 
ter  in  1986.  This  tube  operated  co#* 
tinuously  for  four  years  and  vN 
then  replaced  by  the  present  tub* 
which  had  been  held  as  a  spare  rt- 
placement. 
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Millions  of  Franklin  products,  in  use, 
daily  attest  to  their  inherent  qualities  of 
design,  manufacture  and  production... 
low  priced,  yet  sturdy  and  long  life... 
performers  ...  designed  and  manufac¬ 
tured  to  blue  print  where  specifications 
exist  or  to  meet  ideas 


DESIGN  •  MANUFACTURING 
AND  PRODUCTION  PROBLEMS 

<z  ftcuMm  ^ontc! 


TRY  YOUR  KNOW-HOW  ON  THIS  ONE! 

A  rope  ladder  ten  feet  long  is  hanging 
over  the  side  of  the  ship.  The  rungs  are  a 
foot  apart.  The  bottom  rung  is  resting  on 
the  surface  of  the  ocean.  The  tide  rises  at 
the  rate  of  six  inches  an  hour  when  will 
the  first  three  rungs  be  covered  with 
water,  and  why? 


The  answer  to  this  one  will  be  given  in 
next  month  s  odvertisement  or  in  reply  to 
your  written  query.  But  don't  give  up,  it  s 
simple  to  solve  os  is  our  ability  to  solve 
your  design,  fabricating,  production  and 
assembly  problems. 


At  Frcmklin  you  will  find  engineers  with  the  KjiefwJici#  ol 
design  gnd  the  What*With  in  equipment  cmd 
coordinated  elhcient  production  . . .  tool  ^ 
who  click  the  first  time . .  *  facilities  for  compretmcm  m^dhig 
of  bokelite  parts  . . .  equipment  ioi  making  plastic  parts 
including  laminations  . .  .  machinery  for  fabricating  smoU 
metal  parts ...  hot  tinning  . . .  plating . . .  porkerizing  . . . 
vacuum  impregnating . . .  tr^icolizotion ...  all  the  facilities 
to  do  a  }ob  from  the  raw  motericd  to  the  finished  port  ond 
complete  assembly. 

Franklin  coordinated  engl-  UST  MMIt  Pi W 

neering.  design,  fabrication 

and  production  assures  eco-  !n!"  * 

nomicol  use  of  materials,  low  «f «« m  ^  ^ 

competitive  costs  and  quick 

certain  deliveries ...  let 

Franklin  solve  your  produc- 

tion  problems.  nwrtjff 


itkitkm  Mt  ol*  102.  Uok  af  •  imr.of  toMto  «i 
•  iMf .  Y««  mm  w  «Ay  Ik*  i**r*i  iRito'l  Mwck 
09  pofM  af  Ik*  flnt  baak  awl^  psftt  «f  liw  tatt 


SOCKETS  •  TERMINAL  STRIPS  •  PLUGS  •  SWITCHES 


MANUFAOUMNG  COMP. 

17S  VAKKK  n,  mw  TOIin.,N.  V. 


PLASTIC  FABRICATION  •  METAL  STAMPINGS  •  ASSEMBLIES 
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unit  would  sell  for  about  $5.60  in 
quantity  to  a  single  buyer,  fob  Chi¬ 
cago.  This  price  does  not  include 
Federal  or  state  excise  taxes. 

The  experimental  three-tube 
model  contains  a  7V7  mixer,  a  7A4 
oscillator,  and  a  6X5GT/G  rectifier. 
This  unit  has  its  own  continuously 
tuned  circuits  with  the  oscillator 
tracking  42  Me  below  the  mixer 
frequency.  Output  of  the  con¬ 
verter  feeds  into  the  antenna  ter¬ 
minals  of  the  f-m  receiver  which  is 
left  tuned  to  42  Me  while  receiving 
stations  between  84  and  102  Me. 
Hallicrafters  estimate  that  this 
model  could  be  built  for  $11  fob 
Chicago  whenever  the  priority  situ¬ 
ation  permits. 


TUBES  AT  WORK 


Adapting  F*M  Receivers  to  Time  Proposed  FCC  Allocation 

Future  of  Citizens  Radiocommunication  Service . 

Wide-Range  Generator  with  Automatic  Amplitude  Control 
Proiection  Systems  lor  Theater  Television . 


Adapting  Present  F-M  Receivers  to  Tune  Proposed 
FCC  Allocation 


New  converters  for  receiving  the 
proposed  f-m  band  from  84  to  102 
Me  were  the  subject  of  much  dis¬ 
cussion  at  recent  FCC  hearings  in 
Washington.  Factory-built  models 
include  a  one-tube  and  a  three-tube 
unit.  FCC  engineers  showed  a  two- 
tube  design  whose  circuit  is  given 
below. 

The  one-tube  converter  contains 
a  single  7S7  tube  and  can  be  in¬ 
stalled  in  the  cabinet  of  most  f-m 
sets.  The  r-f  input  feeds  a  band¬ 
pass  filter  in  place  of  a  continuously 
tuned  circuit  and  the  oscillator  sec¬ 
tion  is  operated  at  a  fixed  frequency. 
A  switch,  to  be  mounted  on  the  re¬ 
ceiver  panel,  connects  different 
values  of  capacitance  into  the  band¬ 
pass  and  oscillator  circuits  of  the 
converter  to  provide  two  fixed-tuned 
receiving  frequencies.  With  the 
switch  in  one  position,  tuning  from 
84  to  92  Me  is  accomplished  by 
varying  the  regular  receiver  dial  so 
that  the  receiver  acts  as  a  tunable 
i-f  stage.  Setting  the  converter 


Future  of  Citizens 
Radiocommunication  Sei 


The  Federal  Communicatici 
Commission  proposal  to  allocal 
the  band  from  460  to  470  Me  to] 
new  radio  service  for  civilian  u| 
was  prompted  by  the  success  of  tl 
walkie-talkie  type  of  short-rang 
radio  communications  equipmij 
used  on  the  battlefront  and  the  M 
sibilities  for  its  varied  peaceta 
uses.  According  to  FCC  chairitij 
E.  K.  Jett,  “the  proposed  seivfl 
switch  to  the  second  frequency  posi-  will  be  thrown  wide  open  to  any  c 
tion  permits  tuning  from  93  to  102  izen,  whether  he  be  an  individi 
Me.  Power  for  the  converter  tube  who  may  want  a  portable  suitci 
is  obtained  from  one  of  the  output  type  set  for  his  own  purposes 
tube  sockets  by  means  of  an  adap-  whether  it  be  a  department  3t( 
ter.  Designed  and  built  by  engi-  or  laundry,  or  farmer,  a  taxicab  4 
neers  of  Hallicrafters  Company,  the  cern,  bus,  or  anybody  else.” 


Compl*t«  on«-tube  conyarter  for  roceir- 
ing  stotions  in  tho  proposod  f-m  bond 
from  84  to  102  Me.  Flxod-tunod,  th* 
switch  selects  either  of  two  frequencies 
so  that  further  tuning  is  done  with  f-m 
receirer  diol 


4AC7 


e,  ood 


gi-/02.nc 


0.00/ 


SO///,* 


Mixer  and  oscillator  circuits  of  a  2-tnbe  conyerter  shown  by  FCC  engineers, 
two  50-^f  yoriobie  capacitors  ore  used  for  tuning  ond  honre  a  common  sb< 


Compact  construction  of  the  one-tube 


conyerter  of  HalUerofters  Company 


ELECTIONICJ 
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04€  tfOjun.  BIG  GUNS! 


Crouching  in  an  old  shell  hole  on 
shore,  a  fire  control  party  direas  a  battleship's 
deadly  salvos  against  enemy  strong  points  holding 
up  Allied  invasion  forces.  On  the  world’s  far-flung 
fighting  fronts,  battle-tested  Spencer  precision  wire 
used  in  communication  equipment  is  hastening  the 
day  of  final  Victory. 
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PORTABLE  POWER  PROBLEMS 


■4»Trri('  ■ 


b^w  those  necessary  for  commer* 
cial  or  safety  services  because  it  ii 
offered  as  a  service  “for  conven* 

ience”.  (• 

**  # 

Four  Possibilities 

The  Commission  has  stated  that 
the  possible  uses  of  the  service  are 
as  broad  as  the  imagination  ai)i 
the  ingenuity  of  equipment  man^ 
facturers  can  devise.  Commissioner 
Jett  envisions  developments  aloBf 
these  lines : 

(1)  A  handie-talkie  for  battery 
operation  (fraction  of  a  watt),  light 
in  weight,  not  much  larger  thaRi 
small  camera,  small  antenna  that 
can  be  pulled  out  a  foot  or  »o, 
placed  at  side  or  in  hand,  and 
ful  for  a  very  short  range.  Ill* 
range  would  be  a  mile  or  two.  An 
example  of  its  use  would  be  on  * 
farm  to  commun^^ca^  with  a  trac¬ 
tor.  This  equipmeQt  probaWy 


MAJOt  TOBACCO  COMPANIES  rely  upon  Tag-Heppenstall  Moisture  Meters,  powered 
by  Burgess  Industrial  Batteries,  for  two  important  time-and -money  saving  features. 
First,  tests  of  moisture  content  are  made  to  determine  the  purchase  price  of  raw  tobacco. 
Next,  rapid  tests  during  cigarette  production  help  manufacturers  maintain  tobacco 
moisture  at  the  level  required  for  efficient  processing. 


MOISTURE  METER  READINOS  of  resistance,  temperature  and  pressure  are  checked  against 
a  standard  chart  to  quickly  establish  exact  tobacco  moisture.  *For  test  and  control 
instru^mts  Burgess  Industrial  Battcri^  meet  every  requirement — they  are  recognized 
as  th^^feqndafd  of  quality  for  all  qgoimercial  uses.  Although  urgent  war  needs  limit 
production,  your  Burgess  distributor  will  make  every  effort  to  supply  you  with  the 
batteries  you  require. 

Burgess  Battery  Company,  Freeport,  Illinois 


BURGESS 

BATTERIES 


SUPPORT  THE  7th I  BUY  YOUR  SHARE  TODAY! 
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THE  AMERICAN  TRANSFORMER  CO.,  171  Emmet  St.,  Newark  5,  N.  J 


Iscfifisrs  for  iloElrooics  oimI  fowor  TroRsaiissloo 


WRONICS  — Afoy  1945 


Precautions  indude  vacuum  varnish  impregnation  of  core  and 
(Oil,  infra-red  pre-heating  Isefore  compound  filling,  induction 
ioldering  of  case  seams.  Ceramic  terminals  are  protected  by 
*orque  gauging  and  resilient  gaskets.  To  insure 
*^>orough  hermetic  sealing,  each  unit  is  subjected 
lo  a  vacuum  immersion  test.  Write  for  details.  b^HE^PI 


AmerTran  has  always  adhered  rigidly  to  high  quality  stan¬ 
dards.  For  this  reason,  Hermaseal  Hermetically  Sealed  Trans- 
lormrs  had  ik>  difficulty  in  meeting  the  strict  requirements  of 
government  procurement  officers  for  "tropicalization''  of  these 
components. 


AMinRAN  ASSIONB) 


^APPROVED"  CNIAIITY  COHTIOl  IA1M6 


lY  AKfOtCIS 


Oo  Merdl  14, 1948,  Nw  Air  TodwlMl  Sorvko  CoommiMI  of 
Hm  Afniy  Alf  Fmvm  to  Mm  AsmHmii  TivntlwiMf 

^ C9Mi|MiMy  ^vM  v9s^9MsibNM)f  fsc 

toAvtoff^MI  WVS  MMMtotoM  MM  InnIs  90 


CITiZiNS  RADIO  (cMtinu«d) 

sras-filling  stations  or  county 
stores  might  have  calling  station^ 


The  range  of  the  walkie^talki^^ 
5  to  8  miles,  depending  on  the  t«| 


ram, 


"tS)  Larger  equipment  would 
have  elaborate  antenna,  for  instal¬ 
lation  at  a  fixed  location,  such  as 
the  roof  of  a  department  store, 
laundry,  dairy  or  office  building. 
It  would  afford  communication  be¬ 
tween  fixed  points. 

(4)  Portable  equipment,  which 
will  include  a  broadcast  receiver, 
and  be  about  the  size  of  a  walkie- 
talkie.  Since  it  will  be  necessary  to 
have  an  audio  system  in  the  walkie- 
talkie  to  take  care  of  the  two-way 
personal  communication 


service, 

Mr.  Jett  sees  the  possibility  of  in¬ 
cluding  a  radio-frequency  unit  to 
provide  for  the  reception  of  stand¬ 
ard  or  f-m  broadcast  signals.  The 
equipment  could  be  used  not  only 
for  two-way  communication,  but 
also  as  a  broadcast  receiver.  An 
alarm  system,  remote  control  sys¬ 
tems  and  other  devices  might  be 
added  to  equipment  to  meet  particu¬ 
lar  needs. 

As  in  the  case  of  the  amateur 
the  Commission  proposes 


Our  Blue  Ribbon  Resistors  were  unique  in  their  entirely 
new  design  and  their  advanced  engineering  when  we  intro¬ 
duced  them  in  1939. 

They  still  lead  the  field  as  the  most  efficient :  —their  compact¬ 
ness,  their  toughness,  and  their  remarkable  performance 
offer  you  more  than  just  higher  wattage  ratings  for  unit 
space  required. 

—And  in  our  other  types  of  resistors  and  rheostats  we  also 
offer  you  important  exclusive  advantages. 


service, 

to  assign  no  channels  within  the 
band.  By  use  of  comparatively  sim¬ 
ple  circuits  already  known,  the 
Commission  believes  that  it  should 
be  possible  to  provide  both  trans¬ 
mitters  and  receivers  tunable  over 
all  of  the  460-470  Me  range,  emit¬ 
ting  signals  sharp  enough  to  mini¬ 
mize  interference. 

Citizens  Radio  League 
It  is  recognized  that  if  a  large  num¬ 
ber  of  people  operate  transmitters 
in  the  same  community  there  is 
bound  to  be  interference.  The  sug¬ 
gestion  is  made  that  a  non-profit, 
citizens  radio  league  be  organised 
to  assign  local  operating  frequen¬ 
cies.  For  example,  citizens  in  a  cer¬ 
tain  community  might  get  together 
and  decide  that  department  store; 
No.  1  will  use  channel  No.  5;  de¬ 
partment  store  No.  3  will  use  chan¬ 
nel  No.  19;  laundry  No.  2,  channel 
No.  7,  etc. 

Interference  Problem 
It  is  hoped  that  frequencies,  be¬ 
cause  of  their  characteristics,  may 
be  duplicated  throughout  the  U.  S. 
without  a  great  deal  of  interference. 


HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 

DIVISION  OF 

TH^  NATIONAL  LOCK  WASHER  CO 

SSTAiLISHED  1tt« 

.  Newark  5,  N.  J.,  U.  S.  A. 


With  low-power  devices  used  on  the 
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John  Meek  crystals  arc  now — and  always  will  be — characterized  by 
high  quality  and  rigid  precision.  In  an  industry  as  exacting  in  mechan¬ 
ical  design  and  as  intricate  in  conception  and  executiem  as  the  field  of 
sound  electrically  controlled  and  amplified,  the  engineering  staff  must 
wcark  to  standards  of  **absolute**  precision.  This  devotion  to  accuracy 
is  reflected  in  the  attitude  and  work  of  every  individual  contributing 
to  the  completion  of  John  Meek  products.  The  low  percentage  of  final 
test  rejections  at  John  Meek  Industries  is  a  tribute  to  the  splendid, 
conscientious  personnel  and  their  ability. 

JOHN  MECK  INDUSTRIES,  INC. 

PLYMOUTH,  INDIANA,  U.  S.  A. 
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1000  FKAMli;  MOTOR 


1/2  HP  at  3900  RPM 


CTRICAL 

or  compound'Wound 
ctioml  or  rovorsiblo 
‘litional  torqoo 
'“itioflal  sp^ 
Optinum  offidoncy 
For  control  circuits 
^ing  optional 


The  output — the  weight — 
the  size — of  these  4000 
Frame  Motors  are  features 
well  worth  remembering. 
Every  adaptation  of  the 
standard  design  is  engi> 
neered  for  the  precise 
requirements  of  an  air* 
craft,  portable,  or  indus* 
trial  application. 


MECHANICAL 

Vontilated  or  enclosed  types 
Base  or  fiango  mounting 
Operation  in  any  position 
Low  spaco  factor 
Ban  bearing  equipped 
Optional  shaft  details 
Rugged  construction 


4000  FRAME  MOTORS 

4020 

Shunt 

4020 

Surius 

Wafts,  Output,  Con. 

(Max.) 

375 

746 

Torque  at  3900  RPM 

(ft,  lbs.) 

.65 

1.4 

Torque  at  6000  RPM 
Speed  Regulation 

(ft.  lbs.) 

8% 

.88 

Lock  Torque 

(ft.  lbs.) 

2.5 

4 

Volts  Input 

(min.) 

12 

24 

Volts  Input 

(max.) 

110 

110 

Diameter 

4” 

4" 

Length  Less  Shaft 

7«/.” 

7«/$” 

Shaft  Dia, 

(max.) 

.625” 

.625” 

Weight 

(lbs.) 

9.2 

9.2 

rE^nCSC^E^  D  Rl(So  1501  W.  Congress  St.,  Chicago,  U  S.  A. 

DYNAMOTORS  D  C  M  OTO  R  S  •  P  O  W  E  R  P  L  A  N  TS  •  C  O  N  V  F  R  T  E  R  S 


CITIZENS  RADIO  (continutd) 

ground,  the  range  will  probably  be^ 
from  2  to  15  or  20  miles  depending/ 
upon  the  terrain.  If  one  is  high  on] 
a  hill  with  an  unobstructed  path  of; 
25  or  30  miles,  the  range  will  be 
even  greater.  On  the  other  hand, 
if  one  is  down  in  a  valley,  the  use¬ 
ful  range  would  not  be  more  than 
a  couple  of  miles.  “Boosters”  or 
automatic  relay  installations  will  be 
permitted  where  necessary.  Most 
transmitters  on  this  band  are  likely 
to  be  of  low  power  and  will  not  need 
extreme  antenna  heights.  In  rural 
areas  where  there  is  no  interfer¬ 
ence,  higher  power  may  be  per¬ 
mitted. 

The  Commission  makes  it  clear 
that  common  carrier  operation  in 
the  citizens  communication  band 
will  not  be  permitted  and  no  charge 
can  be  made  for  the  licensed  facili¬ 
ties  or  for  transmission  of  mes¬ 
sages. 

License  Requirements 

Only  the  minimum  requirements 
of  the  Communications  Act  with  a 
few  minimum  traffic  rules  will  be 
set  up  by  the  Commission.  Operator 
licenses  will  be  granted  to  Ameri¬ 
can  citizens  only  and  no  technical 
knowledge  will  be  required.  It  is 
proposed  to  issue  a  license  to  run 
for  five  years.  It  will  be  printed 
probably  on  a  pocketbook  size  card, 
the  operator’s  license  on  one  side 
and  the  station’s  license  on  the 
other.  The  only  qualification  for 
the  operator’s  license  will  be  certifi¬ 
cation  by  the  applicant  that  he  has 
read  the  rules  and  regulations  of 
the  Commission  and  understands 
them.  Station  licenses,  according 
to  FCC's  present  plans,  will  be 
limited  to  “point-to-point,  fixed 
point-to-mobile,  mobile-to-mobile, 
and  multiple-address  communica¬ 
tions.  Broadcasting  is  not  contem¬ 
plated.” 

In  recent  hearings  before  the 
subcommittee  of  the  House  Com¬ 
mittee  on  Appropriations,  Commis¬ 
sioner  Jett  was  questioned  as  to  the 
effect  of  this  proposed  new  service 
on  the  local  telephone.  He  said  that 
he  does  not  believe  it  will  ever  take 
the  place  of  the  local  telephone,  and 
reports  he  has  had  to  date  indicate 
that  telephone  officials  are  enthusi¬ 
astic  about  the  possibilities  of  the 
service.  There  is  a  maintenance 
cost  to  be  considered  in  the  pro- 
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THE  JACK  WITH  THE  CHANNEL-BEAM  FRAME ...  BY  FEDERAL 


design  FEATURES: 

%id  Construction,  Positive 
Spring  Tension,  Stainless 
Steel  Channel-Beam  Frame, 
Hiin  or  Threaded  Bushings, 
15  Standard  Spring  Combi- 
“ttions,  Phenol  Fiber  Insu- 
ladoo. 


You  can  swing  forty  pounds  from  the  free  end  of  this  jack  without 
bending  it  from  the  horizontal. 

Because  .  .  .  Federal  has  taken  sturdy  stainless-steel  and  die-drawn  it  to 
form  a  rigid  channel-beam  jack  frame,  instead  of  the  bend  and  spot  weld 
method  of  construction  normally  used. 

This  rigidity  is  all-important  in  a  jack  —  not  only  in  supporting  heavy 
cable  harnesses,  but  allowing  the  spring  nests  to  provide  positive  tension 
on  the  plug  .  .  .  even  though  worn  from  years  of  constant  service. 

Jack  springs  are  of  nickel  silver  and  the  palladium  crossbars  assure 
positive  contact  at  all  times. 

Federal’s  jacks  are  available  with  either  plain  or  threaded  bushings  in  15 
different  spring  combinations,  including  all  of  the  more  commonly  used 
arrangements.  Additional  combinations  can  be  provided  where  needed. 

When  required  Federal’s  jacks  can  be  supplied  fungus  and  moisture 
proofed. 

Another  superior  communications  component  by  Federal,  and  another 
reason  to  see  Federal  first. 
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CITIZENS  RADIO 

posed  citizens  radiocommunicatiotl 
service.  Considering  that  thenl 

iiiU'-t  hw  two  V . o  M..\A  b  1.^ 

receivers  to  carry  on  two-way  coin- 
munication,  it  will  average  mud 
more  than  the  cost  of  subscribiiu 
to  telephone  service.  However 
there  are  many  places  in  the  UniM 
States  without  telephone  service 
and  many  needs  that  telephone  sen- 
ice  cannot  All. 

Don't  look  for  citizens  radiucom- 
munication  service  to  be  licenacil 
until  after  V-J  Day.  -G.T.M. 


WIDE  RANCE  OF  SIZES 

Hcmu  stARmes 


■  Torflwx  Bworings  core  not  only  unique  in  desicm 
and  construction  but  they  embody  exclusive 

tauISS*^to£  *  >"»' 

'  SSilf  '?“**  “  seamless  tube  of 

rubber  which  hem  been  stretched  between  two 
•^centric  metal  tubes  assuring  high  radial 
which  provides  the  reqi^ed  adheSm 
.11 J  ^twwn  the  rubber  <md  metal.  Torflex  BeoriS^? 

IS*  torsional  and  radial  loads.  Th^ 

'  flexibUity  for  cushion 

and  misalignment,  transmit  torque,  suppress 

"  modi'  incMon  rad  are*^ing  i 

made  in  a  wide  range  of  sizes  to  carry  loads  I 
.  from  ounces  to  tons.  loaas  i 

Products  Company  pioneered  in  this  field  J 
years.  Toi^ex  Bearings  hove  been  widely  1 


LOW  eOST...RfOUeES  NOISE 
MIS  PBODUCTS  CUSHIONS  SHOCK... 
TrilrlT*^  STOPS  VIBRATION 


Sptdali*.^  RtfSb«r  InglrnMn 
amd  Sol*  Monwfoctvrora  of 
VIBRATION  IN¬ 
SULATORS  (MOUNTS) 

bearings 

COUPUNOS 
HARRIS  COMPRESSED 
RUBBER  BEARINGS 


Circuit  of  o  ■7«tom  of  outomatic  omi 
lud*  conirol  of  on  otcillotor  in  o  oHi 
gonorotor 

the  positive  voltage  resulting  i* 


to  the  grid  of  V-4.  This  tube  i 
operated  at  low  current,  the  ^ 
able  cathode  resistor  R  provi^ 
sufficient  bias  despite  the  poslw 
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Whether  for  Radioes  finest  programs  or  amateur 
auditions,  best  recordings  are  made  on 


444  MADISON  AVE.,  N.Y. 


AUDIO  DEVICES,  INC 
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BOOKING 
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cover  plates, 

specificofions  for 
information 


SIGNAL  GENEKATOR  (continutd) 

voltage  at  the  grid  due  to  oscillator 
output.  Variations  in  oscillator  out¬ 
put  are  amplified  by  V-4  to  control 
the  bias  on  V~5  and  hence  the  oscil- 
lator  plate  voltage. 

The  signal  voltage  at  V-4  grid  can 
be  applied  to  a  vtum  to  read  oscil¬ 
lator  (and  signal  generator)  output. 
Since  the  control  depends  upon 
change  of  amplitude,  regardless  of 
the  level,  it  will  be  seen  advisable  to 
operate  the  oscillator  at  a  relatively 
high  level.  In  practice,  twelve  to 
fifteen  volts  peak  was  found  most 
satisfactory.  With  a  fairly  high-Q 
variable  capacitor  (such  that  am¬ 
plitude  does  not  fall  below  this 
value  at  the  low-frequency  end  of  a 
band)  the  output  of  the  generator 
can  be  kept  constant  plus  or  minus 
2  percent  from  60  kc  to  60  Me. 

■  The  tube  finally  chosen  for  V-l 
was  a  6AC7.  Everything  from  a 
6J6  through  a  6L6  was  tried,  but 
the  6AC7  behaved  most  consistently 
and  provided  highest  output.  Any 
convenient  diode  can  be  used  for 
V-2.  A  6L6  was  used  at  V-3  for 
high  output. 

Power  Supply 

The  oscillator  plate  and  V-4 
screen  supply  should  be  regulated, 
although  it  is  not  entirely  necessary. 
The  control  circuit  is  essentially  de¬ 
generative  so  that  the  output  will 
not  vary  much  with  change  in  the 
line  voltage.  The  screen  potential 
on  V-4  will  affect  the  gain  of  that 
stage,  though  the  plate  voltage  need : 
not  be  regulated.  Tube  V-4  and  its ; 
associated  bleeder  draw  about  5| 
ma  and  this  is  the  only  additional : 
plate  current  drain  introduced  by  ^ 
this  control  circuit. 

Any  doubts  as  to  the  advisability 
of  changing  the  plate  voltage  of  the 
oscillator  may  be  set  at  rest;  the 
resulting  slight  shift  in  frequency 
is  far  less  than  the  one-percent  tol¬ 
erance  that  must  be  expected  in  the 
best  of  wide-range  signal  gener¬ 
ators. 

The  output  can  be  adjusted  by 
in  practice  this  should  be  set  and 
locked,  although  a  vernier  control 
of  comparatively  low  resistance  may 
be  placed  in  series  with  it  and 
brought  to  a  knob  on  the  panel  to 
correct  for  residual  amplitude 
changes  of  one  and  two  percent  if 
desired.  With  distortion,  100  p«t' 
cent  modulation  of  V-8  is  possibki 
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Cincinnati,  Ohio 
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very  tower  • 
with  a  view 


i0iM*OOn  engineers  are  not  in 
anj  sense  prime  donnas.  But 
we  do  provide  them  with  the  sort  of  seclusion  that  promotes  constructive  think- 
ing..kan  isolated  building  of  22,000  square  feet,  equipped  with  the  latest  and 
finest  scientific  apparatus,  given  over  exclusively  to  research  and  development. 
A  place  where  you  can  hear  a  kitten  pound  its  feet.  ^  This  partly  accounts 
for  the  fiict  that,  of  twenty-eight  major  electronic  products,  turned  out  by  our 
Electronic  Division,  twenty-four  were  largely  designed  from  the  ground  up 
and  converted  into  production  realities  by  Airoon  engineers.  #  The  regen¬ 
erative  force  of  research  is  responsible  for  the  steady  progress  of  Airoon  in  the 
electronics  field.  Supporting  it  are  manufacturing  facilities  groomed  for  the 
’mass  production  of  precision  products.  ^  Our  executives  are  ready  to 
discuss  your  plans  for  today  and  tomorrow — our  engineers  and  plants  to  carry 
them  out.  A  call  to  any  one  of  our  offices  will  bring  results.^ 
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SIGNAL  GENERATOR  (continuad) 

but  50  percent  modulation  is  very 
clean  and  requires  about  15  volts 
peak  of  audio. 

The  line  termination  at  the  gen¬ 
erator  consists  of  the  cathode  im¬ 
pedance  of  the  tube  and  the  500  and 
150-ohm  resistors  in  parallel. 
Twelve  volts  r-f  to  the  grid  of  V-S 
will  result  in  2.5  volts  output  with 
a  termination  of  73  ohms  at  the  far 
end  of  the  line. 


Projection  Sy8tem§  for 
Theater  Television 

Two  METHODS  of  large-screen  tele¬ 
vision  projection  were  described  at 
the  March  meeting  of  the  Society 
of  Motion  Picture  Engineers,  At¬ 
lantic  coast  section,  by  Dr.  A.  H. 
Rosenthal,  director  of  research  and 
development  of  Scophony  Corpora¬ 
tion  of  America. 

To  obtain  a  screen  image  of  max¬ 
imum  brightness  it  is  desirable 
that  the  elemental  picture  image  be 
either  intensely  bright,  or  that  it 
be  moderately  bright  for  a  long 
period  of  time.  To  obtain  great 
brilliance  of  the  picture  element  in 
systems  in  which  the  modulated 
electron  beam  produces  the  light 
directly  through  fluorescence,  as  in 
cathode-ray  tube  television  projec¬ 
tion,  it  is  necessary  to  sacrifice 
definition  in  the  interest  of  excit¬ 
ing  an  appreciable  area  of  the  fiu- 
orescent  material.  Thus  this 
method  of  picture  projection  has 
an  inherent  limit  of  brilliance-to- 
definition  ratio. 

Optical  Gate  and  Image  Storage 

A  more  satisfactory  method  of 
television  projection,  according  to 
Dr.  Rosenthal,  is  to  use  the  signal 
not  to  produce  the  light,  but  to 
modulate  an  independent  light 
source.  This  source  can  be  as 
bright  as  need  be.  Standard  mo¬ 
tion-picture  projector  light  sources 
such  as  carbon  arcs  or  mercury 
pressure  lamps  can  be  used.  In 
fact,  this  method  of  light  modula¬ 
tion  is  analogous  to  film  projection 
wherein  the  film  density  modulates 
the  light  passing  through  the  opti¬ 
cal  system. 

However,  in  film  projection  all 
pitture  elements  are  actively  mod¬ 
ulating  the  light  simultaneously 
and  for  an  appreciable  portion  of 
the  total  frame  time.  In  televisiiM* 


These  ''World's  SmaflelnwoittsfSrmers'' 
May  Be  The  Camplete  Answer  to 
Your  Spate  and  Weight  Prohlems! 


It’s  not  on  evoiyday  occurrence  when  so  large  o  problem 
con  be  answered  with  such  a  small  unit.  In  fact,  weVe 
mighty  proud  of  this  midget  tronsformer  achievement— 
not  only  for  the  reason  that  Permoflux  engineers  met  a 
vital  war  challenge,  but  because  of  its  numerous  practical 
applications.  Permoflux  welcomes  inquiry  from  design 
engineers  about  this  midget  transformer  development. 


BUY  WAR  BONDS  FOR  VICTORY! 


PERMOFLUX  CpRPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL. 
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TRANSFORMER  CATALOG 


Valuable 

,  for 

Engineering, 

Drafting, 

and 

Purchasing 

Departments 


Three  general  types  of  trans-  \ 
formers  and  a  complete  line  of  \ 
reactors  are  included  in  this  catalog:  \ 

Power  transformers,  including  plate  \ 

and  plate-and-filament  units  \  a; 

Filament  transformers,  embracing  both  ^ "'iS 

conventional  types  and  special  high-  ‘  a 

voltage  units  "  a  * 

Audio-frequency  transformers  (built  to  your  s^cifications),  in¬ 
cluding  microphone,  input,  interstage  (or  grid),  modulation,  and 
output  types 

Reactors — microphone,  plate,  filter  (conventional  or  swinging), 
and  modulation  units 

Both  the  transformers  and  the  reactors  are  built  in  three 
mechanical  designs — ^hermetically  sealed,  conventional  com¬ 
pound-filled,  and  core-and-coil  (uncased).  The  type  of  construc¬ 
tion  depends  upon  the  application.  t 

In  many  cases  you  will  be  able  to  pick  exactly  the  transformer 
you  want  from  this  catalog,  and  thus  gain  the  benefits  that 
come  from  standardization,  such  as  simplified  purchasing,  lower 
cost,  and  quicker  shipment.  If  you  don’t  find  the  unit  you  need, 
please  let  us  know.  We’ll  be  glad  to  furnish  you  with  cost  and 
delivery  estimates  of  transformers  built  to  your  specifications. 

Buy  all  th*  BONDS  you  can — and  koop  all  yev  bvy 
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Eosy-to-reod,  eosy-to-use  tables  oad  diograMs. 


Large,  MI-<olor  photegraplis  of  represeetarive 
types 


GENERAL  ELECTRIC  COMPANY, 

SEaiON  403-73 
Schenectady  5,  N.  Y. 

YES!  I  would  like  a  copy  oF  your  new  catalog 
on  transformers  for  electronic  equipment. 
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PROJECTION,  TELEVISION 


(cofitinMd) 


NOW  IN  USE  IN  CONFORMANCE  WITH 

U.  $.  ARMY  t  NAVY  SPECIFICATIONS 


technique,  where  it  is  necessary  to 
dissect  the  frame  into  successive 
elements  and  transmit  them  row 
after  row,  only  one  picture  element 
would  normally  be  modulating  the 
light  beam  at  a  time,  and  thus  the 
duration  of  projection  of  each  ele¬ 
ment  would  be  much  less  than  that 
in  standard  motion-picture  projec¬ 
tion.  To  make  up  for  this  loss  in 
available  projection  time,  some 
method  of  storage  for  the  picture 
elements  is  needed  at  the  television 
projector  over  and  above  that 
necessary  to  avoid  flicker. 

Storage  increases  the  practical 
throw  of  the  projector.  In  one  in¬ 
stallation  where  adequate  screen 
brightness  was  obtained  with  an 
6-inch  throw  without  storage,  with 
a  storage  ratio  of  i  (that  is,  the 
elements  were  retained  by  the  pro¬ 
jection  system  for  half  of  the  frame 
scanning  time)  the  throw  was  in¬ 
creased  to  200  feet  (comparable  to 
that  in  drive-in  theaters)  with  the 
same  screen  brightness. 

Supersonic  Diffraction  Valve 

The  first  of  the  systems  de¬ 
scribed  to  accomplish  these  objec¬ 
tives  made  use  of  the  modulation 
element  illustrated  in  Fig.  1.  A 
quartz  crystal  vibrating  in  the  su- 


MATERIAL  rJIOTECTION 


APPLICATION 


A  wai  solution  containing  sali- 
cylanilide.  Dip  for  10  mtnutas. 
Drying  Time: 

150*F.  _ ^  „  4^  krs. 

Room  Temp.  _ _  .  24  hri. 


LEATHER 


VJave  absorbing  window'-. 


Hill 


Similar  to  SN-3-T,  but  cut  50% 
For  satisfactory  felt  impregna 
tion,  use  same  method  as  above 


SN-3-T-50 


Vibrofing  crysfaf  Aperture 
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HIRE  PIECES 


DYNAMOTORS  A 
GENERATORS 


OVERALL  SPRAYS 


95  (No  Toxicant) 
95.T 


For  stiff  pieces  bake  on  95-T 
For  flexible  pieces  bake  on 
85-1 -T 

For  wax  impregnation 

For  stators  and  rotors  apply  2 
lo  3  impregnating  varnish  coats. 
Finish  coat  of  either  95  or  95-T. 


25A  (Phenyl  Mercury) 

25  PA  (Pentachlorphenol)  Air  Dry  Lacquers. 
25  SA  (Salicylanilide) 

27A  (Phenyl  Mercury) 

27  PA  (Pentachlorphenol)  Air  Dry  Varnishes 
27  SA  (Salicylanilide) 


ADDITIONAL  INFORMATION  AVAILABLE  UPON  REQUEST 


THE  INSL-X  CO.,  Inc.  •  857  Meeker  Ave.  •  Brooklyn  22,  N.  Y. 

Chicoqo  •  Detroit  •  Lot  Angela  •  Philadelphia 

INSL-X— FIRST  IN  FUNGICIDAL  COATINGS 


FIG.  1 — Liquid  light  gate  makes  use  of 
diffraction  Toriotion  in  the  fluid,  pro¬ 
duced  by  amplitude-modulated  super¬ 
sonic  vibrations,  to  control  the  intensity 
of  light  projected  to  the  screen 

personic  range  sends  traveling 
compression  waves  across  the  fluid 
light  gate.  These  waves  are  com¬ 
pletely  absorbed  by  the  terminat¬ 
ing  window  to  avoid  standing-wave 
patterns  in  the  fluid.  The  compres¬ 
sion  waves  cause  the  light  to  be 
diffracted.  Standard  optical-bar 
systems  are  used  to  obtain  an  am¬ 
plitude-modulated  light  beam  from 
the  diffract  rays  by  selecting  the 
diffracted  beams.  The  system  i> 
linear. 

'  The  supersonic  vibrations  of  the 
quartz  crystal  are  amplitude  modu¬ 
lated  by  the  television  signal.  As 
these  amplitude-modulated  waves 
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Write  for  a  free  copy  of 


our  handbook 


ABC  of  EloctronSe  Hoot¬ 


ing  which  contains  on 
easHy  understood  explo* 
nation  of  this  new  heat* 
ing  method. 


40  KW  INDUCTION 
HEATER 


Division  of 

'8”  CORRUGATED  QUENCHED  GAP  COMPANY 

'19  MONROE  ST.  GARFIELD,  N.  J. 

Manufacturers  of 

'^Qciium  Tube  and  Spark  Gap  Converters  Since  1921 


Scientific  Electric  Elec¬ 
tronic  Heaters  are  made 
in  these  power  sizes... 
and  a  range  of  frequen¬ 
cies  up  to  300  Mega¬ 
cycles  depending  upon 
power  requirements. 


3KW  18  KW 
SKW  25  KW 
ZVzKW  40  KW 
SKW  60  KW 
10  KW  80  KW 
I2V2KW  100  KW 
1SKW  250  KW 


IONICS— IMS 


228 


J 


•^eao 
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-Electron  gun 


PROJECTION  TELEVISION 


(continued) 


traverse  the  fluid  of  the  light  valve 
they  diffract  the-cgli^i^ht  beam.  It 
will  be  recognized  that  it  will  take 
each  part  of  the  compression  wave, 
corresponding  to  each  picture  ele¬ 
ment,  a  finite  time  to  travel  the 
length  of  the  valve,  thereby  ob¬ 
taining  optical  storage. 

To  counteract  the  movement  of 
the  modulation  across  the  valve, 
which  would  result  in  the  picture 
element  traveling  across  the  8creeii,4 
a  high-speed  scanning  wheel  is  in¬ 
troduced.  A  slow-speed  scanning 
wheel  directs  each  successive  line 
of  the  frame  to  its  place  on  the? 
screen.  This  system  has  been  in 
commercial  operation  in  England 
in  a  number  of  theaters  with  great 
popular  success. 

Skiatron 


The  second  system  replaces  the 
fluid  valve  and  scanning  wheels 
with  a  Skiatron  vacuum  tube 
shown  in  Fig.  2.  Light  is  passed 
through  a  crystal  of  the  type  dis¬ 
playing  electron-opacity,  such  as 
potassium-chloride.  This  crystal  is 
in  an  electrostatic  field,  and  is 
scanned  by  the  electron  beam  from 
the  gun.  The  beam  intensity  and 
motion  are  controlled  as  in  cath¬ 
ode-ray  projection  tubes. 

As  the  transparent  positive  ions 
of  the  crystal  (potassium  in  the 
case  of  potassium  chloride)  are 


SMALLER  SIZE... 
SIMPLER  ADAPTATION 
LONGER 
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ARE  YOU  USING  THE  TUBING 


SUITED  FOR  YOUR  JOB  f 


suited  means  a  varnished  tubing  or  sleeving  that  meets 
every  service  requirement ...  at  lowest  cost/ 

That's  the  way  IRVINGTON  . . .  long  the  leader  in  electrical  insulation  . . . 
meets  every  tubing  or  sleeving  need.  For  IRVINGTON  makes  all  the  types 
including  non-fraying  FIBERGLAS . . .  high  voltage  IRV-O-VOLT . . .  RADIO 
SPAGHETTI  and  SATURATED  SLEEVINGS  ...  in  a  complete  range  of 
colors  and  A.  S.  T.  M.  sizes. 


Thus  a  recommendation  from  IRVINGTON  can  be  unbiased  . . .  you  get  the 
tubing  best  suited  to  your  needs,  not  only  from  the  standpoint  of  efficiency, 
but  economy  as  well. 

In  addition,  you  get  that  extra  increment  of  electrical  surety  which 
IRVINGTON'S  'know  how'  and  'manufacturing  control'  provides.  For 
literature,  or  engineering  assistance,  write  to  Dept.  106. 
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IRVINGTON  PRODUCTS: 


Cotton.  Flborglas.  or  Rayon  Tubinga  and 
SlaoTinga  —  Vamiahad.  Lacquarad.  or 
Vinylita  Procaaaad 

Non-Fraying  Fibarglaa  StaoTing 

Tranaiormar  Laad  Tubinga 

Wira  Idantification  Markara— Vamiahad 
or  Plaatic 


Extradad  Plaatic  Tubinga 
Fibron  Plaatic  Tapaa 
Vamiahad  Fabrica  and  Papara 
Slot  Inaulationa 

Karral  and  Irringtea  tnaulatiag 

Vamiahaa 

CardoHta  Raaina 
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VARNISH  &  INSULATOR  COMPANY* 

Irvington  11,  Now  Jorsoy 
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15  Park  Row,  New  York  City,  New  York 
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PROJECTION  TELEVISION  (contiiM^ 

history,  for  the  loosely  bound  ele6 
tron  to  abandon  the  atom  and 
leave  it  again  a  transparent  ion. 
The  electron  travels  to  the  positive 
electrode  used  to  produce  the  elec¬ 
trostatic  field.  In  traveling  from 
the  atom  to  which  it  was  originallj 
directed,  the  electron  successivdj 
neutralizes  adjacent  positive  iona 
In  this  manner,  optical  storage  of 
the  individual  picture  elements  ii 
obtained. 

Using  the  Skiatron,  the  entin 
picture  can  be  projected  all  die 
time;  the  time  required  for  the 
electron  to  leave  the  electron- 
opaque  crystal  just  coincides  with 
the  length  of  time  required  to  scan 
the  complete  picture.  Because  of 
this  melting  of  one  frame  into  the 
next,  there  is  a  minimum  of  flicker. 
The  number  of  frames  that  need 
be  transmitted  per  second  can  be 
reduced,  thereby  permitting  a 
greater  number  of  picture  elementi 
to  be  transmitted  per  frame  widi- 
out  increasing  the  transmission- 
frequency  band.  This  would  in¬ 
crease  the  definition  of  the  final 
image. 

Since  the  Skiatron  operates  on 
light  absorption,  it  can  be  used  ef¬ 
ficiently  in  color  television  by  as¬ 
sociating  with  each  of  three  tubes, 
through  which  the  light  to  be  mod¬ 
ulated  passes  in  succession,  color 
filters  rotating  before  each  tube  in 
synchronism  with  the  color  dis¬ 
section  filters  at  the  television 
studio. 

The  Skiatron  has  been  used  suc¬ 
cessfully  in  large-screen  home  re¬ 
ceivers  for  preliminary  study  of  its 
commercial  practicability.  Both  of 
these  television  projection  meth¬ 
ods  have  a  gamma  comparable  to 
that  of  16-mm  motion-picture  film. 
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^^FTER  the  last  enemy  lays  down  his  arms  . . .  then 
^  must  follow  the  fabulous  changeover  whereby  in¬ 
dustry  diverts  production  for  War  into  production  for 
Peace. 


A  critical  and  an  exacting  phase! 

We  at  CORWICO  are  already  planning  for  the  tran¬ 
sition.  Soon  millions  of  tons  of  basic  materiab  formerly 
required  by  our  armed  forces  con  be  diverted  to  peace¬ 
time  uses . . .  including,  you  may  be  sure,  the  fine 
CORWICO  Wires  that  civilians  have  so  patiently  gone 
without  for  so  long. 


A  YOUNG  BRIDE-TO-BE  wrote  i 
letter,  inquiring  about  aluminUni 
pots  for  her  household,  to  the  Dave# 
Company,  Newark,  N.  J.,  maker 
of  “pots.” 


DURING  A  4-HOUR  bombing  mis¬ 
sion,  four  generators  provide  * 
Flying  Fortress  with  electric  power 
equivalent  to  that  used  by  32  aver-j 
age  homes  in  an  entire  day. 
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Fig.  2.  Surface  of  Shaff— Medi-  Fig.  3.  MO”  Below  Surface 


Fig.  1.  Macroatruefure— Dark 
ckcumierential  area  is  the 


uin-coarse  grained  martensite: 


light  areas  of  medium-coarse 


ktfdaned  portion  of  the  steeL 


dark  areas  of  trooatite.  Manga-  grained  tnartensite  and  dark 


areas  of  trooatite. 


nese  sulfide  stringers. 


LEPEL  INDUCTION  HEATING 

MAKES  CONTINUOUS  SURFACE  HARDENING  OF 


SHAFTING  AND  TUBING  PRACTICAL . 

Induction  heating  with  the  Lef^l  High  #  The  speed  of  heating  and  the  short  time 
Frequency  Unit  dispels  the  notion  that  at  heat  prevents  surface  decarburization 
rery  heavy  and  expensive  equipment  is  and  scaling.  Ground  shafting  and  tubing 
necessary  for  continuous  surface  harden-  may  be  hardened  wi^out  die  need  for 
iog  of  shafting  and  tubing.  finishing  after  quenching. 


#  Due  to  the  short  heating  and  quench¬ 
ing  cycle,  the  core  structure  is  unchanged 
and  highest  ductility  is  maintained. 


#  Lepel  spark -gap -operated  equipment, 
generating  frequencies  of  100,000  to 
4)0,000  cycles,  creates  heat  so  rapidly  that 
continuous  progressive  heating  and 
quenching  is  practical  with  normal  current 
input.  Shafting  or  tubing  up  to  diameter 
can  successfully  be  heat  treated  with  a 
itandard  30  KW  unit. 


•  Depth  of  hardness  can  readily  be  con¬ 
trolled  by  adjusting  the  input  power  or 
varying  the  travel  sp^  of  the  part  through 
the  heating  coils. 


t  Slow  rotation  of  shaft  during  heating 
and  quenching  develops  highest  uniform¬ 
ity  consistent  with  chemistry  of  the  steel. 

f  Heating  is  so  rapid  and  the  time  at 
beat  so  short  that  even  normal  grain 
growth  associated  with  conventional  heat 
treating  methods  does  not  take  place.  This 
Rakes  it  possible  to  use  ordinary  carbon 
steels  in  many  applications  where  alloys 
heretofore  have  l^n  required. 

#  High  frequency  induaion  heating  de¬ 
velops  a  super-hard  skin  whicli  provides 
si^rior  wearing  qualities. 


•  Distortion  is  minimized,  regardless  of 
the  length  of  the  part. 

Any  hardenable  steel  can  be  heat  treated 
with  equal  susurance  of  satisfaction.  The 
photomicrographs  illustrate  the  results  ob¬ 
tained  with  a  steel  of  the  following  smalysis : 
Carbon  .35/.45 

Manganese  l.i5/l.65 

Phosphorus  .045  max. 
Sulphur  .20/.30 

In  the  illustration  below,  a  2*  shaft  17*' 
long  is  being  hardened  by  passing  it  pro¬ 
gressively  through  the  heating  coil  and 
quench  ring.  Horizontal  travel  is  21/2  feet 
^r  minute  and  the  shaft  is  rotated  as  it 
travels  forward.  Ouenchine  temperature 


Fig.  5.  Core  Structure  —  medium-coarse 
grains  of  pearlite,  lamellar  pearlite  and 
ferrite.  Muganese  sulfide  stringers  are 
imiformly  distributed  throughemt.  Struc¬ 
ture  is  unchanged  by  hardening  operation. 

Fig.  1  shows  the  macroetciied  section  of 
the  shaft  at  approximately  1.5X  magnifi¬ 
cation,  indicating  a  penetration  of  5/64". 
Only  the  surface  yields  the  full  hardness, 
Rockwell  C60/C61,  the  Rodcwell  reading 
declining  to  as  the  core  is  approached. 

Figures  2,  3,  4  and  5  (500X  magnifica¬ 
tion)  show  the  grain  struaure  at  the  sur¬ 
face,  .060"  and  .112'"  below  the  surface 
and  at  the  core  respectively. 

The  same  Lepel  Unit  can  also  be  used 
for  localized  hardening,  stress  relieving, 
normalizing,  brazing  and  soldering. 

If  you  have  a  ptwlem  of  surface  hard¬ 
ening  steel  shafts  or  tubing  of  any  length, 
Lepel  engineers  will  be  pleased  to  show 
you  how  you  can  not  only  secure  better 
results,'  often  with  lower-priced  steels,  but 
also  effect  important  economies  in  hard¬ 
ening  cost  and  production  time. 


LEPEL  HIGH  FREQUENCY  LABORATORIES,  INC. 


PIONSEKS  IN  INDUCTION  HiATINO 


Gen«raf  Offices:  39  West  60th  Street,  New  York  23,  N.  Y, 

ChUage  Office:  230  East  Ohia  ftrMt,  Chicago  11,  M. 


Fig.  4.  .112"  Below 
Surface— structure  is 
troosto-sorbitic  with 
patches  of  marten¬ 
site.  This  area  is'  in 
zone  close  to  core 
structure. 


of  rating  tubes  in  terms  of  peak 
power  rating,  factors  for  considera¬ 
tion  in  locating  radar  equipment, 
and  factors  to  consider  in  the  de¬ 
sign  and  construction  of  directive 
v-h-f  antenna  systems  were  all  dis¬ 
cussed,  it  miist  be  admitted  that  the 
topics  discussed  were  such  as  to 
give  no  comfort  and  aid  to  the 
enemy.  In  fact,  all  of  the  radar 
principles  discussed  by  Dr.  Everitt 
were  either  already  known  to  quali¬ 
fied  radio  engineers  or  could  easily 
be  surmised  after  casual  reflection 
on  the  requirements  of  radar  trans¬ 
missions. 

New  to  many  of  the  engineers 
were  the  photographic  slides  of  the 
two  Signal  Corps  installations.  Most 
important  of  all,  however,  was  the 
fact  that  Dr.  Everitt’s  lectures 
r  which  were  also  given  before  other 
sections  of  the  IRE  in  the  Mid- 
West)  are  the  first  time  that  this 
all-important  subject  has  been  dis¬ 
cussed  in  an  open  engineering 
meeting.  It  would  appear  that  such 
a  talk  is  highly  desirable  in  view  of 
the  comparative  freedom  from  cen¬ 
sorship  in  Great  Britain  and  the 
fact  that  none  of  the  developments 
under  discussion  had  taken  place 
since  the  entry  of  this  country  into 
The  circuit  of  o  cothode-coupled  oscil-  war 

lator.  Convenience  in  bemd-ewitching  is 

provided  by  the  two-lerminal  inductance  Locator 

Dr.  W.  E.  Gilson,  of  the  Univer¬ 
sity  of  Wisconsin,  gave  a  brief  out¬ 
line  of  various  methods  which  had 
been  used  in  the  past  half-century 
for  locating  metallic  objects  im¬ 
bedded  in  the  human  body.  Early 

rw,  lo  •in*  IT  work  in  that  field  was  inspired  by 

Engineers  Discuss  Radar  and  Surgical  Metal  Locator  ^ite  assassination  of  President  Gar 

field  on  July  2,  1881,  which  led 
Alexander  Graham  Bell  to  develop  a 
system  of  locating  bullets  in  the 
human  body  by  making  use  of  the 
Hughes  balance.  It  was  only  after 
the  employment  of  electron  tubes 
in  such  applications  that  metal  lo¬ 
cators  became  smaller  in  size,  ef¬ 
fective,  and  practical  for  medic^ 
use.  The  majority  of  such  locators 
are  quite  satisfactory  for  magnetic 
material  but  not  particularly  suit¬ 
able  for  the  location  of  non-mag- 
netic  material. 

Dr.  Gilson  described  and  later 
demonstrated  a  locator  of  metal  ob¬ 
jects  making  use  of  the  principle 
of  two  beat  oscillators.  One  of  these 
oscillators,  whose  tuning  may  be 
varied,  is  adjusted  to  beat  against 
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Catho<ie-Cotq;>led  Oscillator  Circuit . 

Engineers  Discuss  Radar  and  Surgical  Metal  Locator 

Suggestions  for  Design  of  Volume  Expanders . 

Radar  Terms  and  AbbreTiotions . 

Third  Chicago  War  Production  Conference . 


Cathode-Coupled  Oscillator  Circuit 


Cathode-coupled  oscillators  have  tuned  circuit  to  the  grid  of  the 
advantages  of  stability  and  small  cathode-coupling  stage  is  opened 
loading  of  the  tuned  circuit.  Several  and  an  external  signal  fed  to  this 
circuits  and  equations  for  their  grid,  the  circuit  provides  a  highly 
operation  are  given  by  F.  Butler  in  selective  amplifier  with  a  high  in- 
the  November,  1944  issue  of  Wire-  put  impedance.  The  off-resonance 
iees  Engineer  ( Dorset  House,  Stam¬ 
ford  St.,  London  S.E.  1). 

The  basic  oscillator  circuit,  shown 
in  the  diagram,  has  the  advantages 
that  the  tank  coil  is  not  tapped,  the 
high  input  impedance  of  the  cath¬ 
ode-follower  stage  on  the  right  im¬ 
poses  light  loading  on  the  tuned 
circuit,  and  unity  gain  in  the  cath¬ 
ode-coupling  stage  provides  ample 
drive  for  reliable  oscillations  up  to 
very  high  frequencies  for  low  Q 
circuits.  This  circuit  can  be  further 
stabilized  for  single-frequency 
operation  by  using  individual  cath¬ 
ode  resistors  and  coupling  the  cath¬ 
odes  through  a  crystal.  This  con¬ 
nection,  by  operating  the  crystal  at 
series  resonance,  reduces  the  capaci¬ 
tive  shunting  of  the  crystal  by  its 
holder. 

If  the  feedback  circuit  from  the 


attenuation  is  greater  than  for  con¬ 
ventional  amplifiers  and  may  be 
increased  by  tuned  output  circuits 
in  place  of  the  load  resistances. 


Two  TECHNICAL  PAPERS  dealing 
with  the  role  of  electronics  as  lo¬ 
cating  devices  were  presented  at 
the  March  meeting  of  the  Chicago 
Section  of  the  Institute  of  Radio 
Engineers  at  which  Dr.  W.  E.  Gil¬ 
son,  School  of  Medicine,  University 
of  Wisconsin,  Madison,  Wisconsin, 
spoke  on  “A  New  Surgeon’s  Metal 
Locator”,  and  Dr.  W.  L.  Everitt, 
Head  of  the  Department  of  Electri¬ 
cal  Engineering  at  the  University 
pf  Illinois,  and  now  in  the  Office  of 
the  Chief  Signal  Officer,  Washing¬ 
ton,  spoke  on  “Recent  Wartime  De¬ 
velopments  In  Electronics”  and  out¬ 
lined  general  principles  of  radar. 

Dr.  Everitt’s  talk  represented  one 
of  the  first  discussions,  in  an  open 


engineering  meeting,  of  the  princi¬ 
ples  of  radio  direction  and  ranging 
equipment.  In  opening  his  talk,  he 
stated  that  he  had  received  permis¬ 
sion  to  discuss  certain  principles  of 
radar  and  the  application  of  these 
principles  tp^^two  sets,  the  SCR-268 
and  the  SCR-270,  but  stated  that 
his  comments  were  completely  off 
the  record  and  requested  that  no 
notes  be  taken.  It  was  also  indi¬ 
cated  that  discussion  of  other  radar 
developments  could  not  be  divulged. 

Radar  Problems 

While  such  problems  as  decrease 
in  field  intensity  with  distance  of 
the  transmitter,  effect  of  ground  re¬ 
flection,  necessity  for  new  method 
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stupakoff 


★ 

lUY  EXTRA 
WAR  BONDS 

★ 


A  *  * 


'TOR  GREAT 
ACHIEVCHENr* 


Control — from  raw  material  to  finished  product — assures  uniform  charac* 
teristics  in  all  Stupakoff  ceramic  dielectric  tubes. 

Dimensionally  accurate,  these  tubes  are  produced  to  meet  your  sped* 
fications  for  power  factor — dielectric  constant — temperature  coefficient — di¬ 
electric  strength — volume  restitivity.  Employ  them  with  confidence  in  the 
manufacture  of  temperature  compensating  capacitors  for  reducing  frequency 
drift  in  RF  circuits^  for  by-pass,  lead-through,  and  blocking. 

Stupakoff  manufactures  a  wide  variety  of  ceramic  dielectric  materials. 
Tubes — special  or  standard — are  available  in  temperature  coefficients  from 
+  120  to  -750  parts  per  million  per  degree  centigrade,  depending  upon  the 
specific  characteristics  required.  Manufacturing  facilities  permit  prompt 
delivery  in  large  quantity.  Samples  upon  request. 


STUPAKOFF  CERAMIC  AND  MANUFAaURING  CO.,  LATROBE,  PA. 
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VOLUME  EXPANDERS  (conttnuM) 

zero  sound  level  between  them,  and 
the  studio  amplifier  gain  contnd 
setting  would  be  determined  by 
these  peaks. 

If  the  entire  orchestra  played,  the 
timpani  sound  peaks  would  still  be 
the  highest  instantaneous  sound 
levels  and  the  maximum  readings 
on  the  volume  indicator  would  be  no 
greater  than  when  the  solo  drum 
was  played,  even  though  the  aver¬ 
age  sound  power  would  be  far 
greater.  Thus,  the  average  sound 
‘power  in  many  cases  may  vary 
greatly  without  the  studio  engineer 
having  to  compress  it  at  all. 

Effect  in  Different  Loeatwtu 

In  some  situations,  the  use  of  ex¬ 
pander  amplifiers  is  not  at  all  de¬ 
sirable,  especially  if  the  loud 
speaker  is  located  in  a  room  which 
has  a  high  noise  level  and  litfie 
sound-absorbing  material.  The 
best  example  of  this  is  the  average 
motion-picture  projection  booth 
where  the  normal  volume  range  in 
the  picture  (without  benefit  of  ex¬ 
pansion)  is  usually  too  great  for 
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Fig.  1 — ^Block  dlagrom  of  craiomertic  ▼et 
mu  oapandor  which  cmtidpcrtM 
chongu  in  signal  IotoI  and  incroaiw 
tho  ompliilor  gain  boloro  tho  p«<d[ 
pouM  through 


the  operator's  comfort,  the  soft  pei- 
sages  being  drowned  out  by  the 
projector  noise  and  the  loudest  por¬ 
tions  being  re-flected  and  re-re- 
fleeted  by  the  hard  walls  until  they 
are  almost  deafening.  This  would 
not  be  true  in  the  theater  auditor¬ 
ium,  but  in  the  reproduction  of 
music  in  a  factory  or  a  railroad  stir 
tion  similar  conditions  obtain  and 
expansion  should  not  be  used.  Even 
the  typical  city  apartment  has  s 
high  noise  level,  especially  in  the 
summer,  and  although  it  may  hate 
a  fair  amount  of  drapes  and  car¬ 
pets,  “enhanced”  fortissimo  pRt* 
sages  drifting  out  the  windows  will 
not  be  greatly  appreciated  by  tiw 
neighbors. 

Another  point  that  must  be  coo* 
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FAST,  RELIABLE  SOURCE  FOR 

INDUSTRIAL  ELECTRONIC 

INSTRUMENTS 


^ffspection, 

Contra/ 


THE  TESTEIS 
IKIUQSCIPES 
ttflCiTY  lECMES 
tESISTUICE  lECMES 
NEATSTINE  NIIIES 
lESISTMCE  LliiT  HINES 
WEM  CMMITY  NINES 
SIlUL  lENEUTIIS 
nm  METEK 
VMHM  TIN  VOLTMnEIS 
lllTNIimUUMIIETEIS 


■  Allied’s  concentration  of  leading 
I  makes  under  one  roo/ means  you  can 

Confrnl  I  instrument  you 

Wi  I  want ..  .in  the  shortest  time  possible. 

- -  ■  This  specialized  service  to  indus* 

try,  government,  and  research  lab¬ 
oratories  simplifies  procurement  .  .  .  increases 
efficiency  .  .  .  saves  hours,  days,  and  effort.  Such 
well  known  makes  as  RCA,  Dumont,  G.E.,  Indus¬ 
trial  Instruments,  Hickok,  Radio  City,  Triplett 
and  others.  Many  on  hand  for  immediate  delivery. 

EVERnHING  IN  ELECTRONICS  AND  RADIO 

It’s  faster,  simpler  to  get  all  your  electronic  and  radio 
supplies  from  this  one  central  source.  We  carry  the  largest 
and  most  complete  stocks  of  parts  and  equipment  under 
one  roof . . .  ready  for  immediate  shipment.  Besides,  our 
procurement  experts  are  in  constant  contact  with  all  lead¬ 
ing  manufacturers  to  speed  supplies. 

Save  time  and  work  . . .  Call  Allied  First! 

Write,  Wire  or  Phone  Haymarket  6800 


ALLIED  RADIO 

CORPORATION 

833  W.  Jackson  Blvd.  Dept.  24-E-5  Chicago  7,  Illinois 

SUrrilEKS  of  electronic  parts  and  equipment  to  industrial  AMERICA 

Elwtronic  Tubes,  Rectifiers,  Power  Supplies,  Intercommunicating  Systems,  Sound  Systems,  Photo-Cell  Equip¬ 
ment,  Batteries,  Chargers,  Converters.  Generators,  Supplies  for  Resistance  Welders,  Fuses,  Test  Instruments, 
Meters,  Broadcast  Station  Equipment,  Relays,  Condensers,  Capacitors,  Resistors,  Rheostats,  Transformers, 
Switches,  Coaxial  Cable,  Wire,  Soldering  Irons,  Microphones.  Speakers',  Technical  Books,  etc. 


VOLUME  EXPANDERS  (continued) 

sidered  in  using  these  circuits  U 
the  limitations  of  the  equipment 
associated  with  the  expander,  for  if 
this  amplifier  system  does  not  have 
a  dynamic  range  of  at  least  70  db 
(from  noise  level  to  overload  point) 
expansion  cannot  be  used  to  its  full 
capabilities. 

Time  Lag 

As  to  the  defects  of  expander  cir¬ 
cuits,  two  might  be  noted.  First,  is 
the  fact  that  expanders  cannot  an¬ 
ticipate  changes  in  volume  but 
rather  have  a  slight  time  lag  which 
makes  it  impossible  for  them  to  do 
more  than  approximate  the  original 
volume  pattern.  This  lag  is  not  im¬ 
portant  when  volume  changes  are 
gradual,  but  on  a  sudden  clash  of 
symbols,  for  instance,  the  amplifier 
gain  will  not  increase  until  after 
the  sound  peak  has  passed.  This 
could  be  overcome  by  use  of  some 
sort  of  a  time-delay  device,  perhaps 
a  magnetic  tape  recorder,  in  a  cir¬ 
cuit  such  as  Fig.  1  (which  is  other¬ 
wise  a  typical  expansion  circuit), 
the  delay  being  adjusted  so  that  the 
signal  entering  the  variable-/! 
stage  lags  a  little  behind  the  bias 
variations.  In  this  way,  a  sudden 
peak  would  increase  the  amplifier 
gain  before  the  peak  passed  through 
rather  than  afterwards.  The  same 
idea  could  be  used  for  compression 
where  it  should  give  better  results 
than  manual  monitoring  as  it  an¬ 
ticipates  all  changes  in  signal  level. 

Need  for  Balance 

The  second  shortcoming  of  auto¬ 
matic  volume  expansion  is  that 
even  if  the  circuit  can  foresee 
changes  in  volume  it  can  never  dup¬ 
licate  the  original  volume  range 
because  it  has  no  way  of  knowing 
what  these  original  levels  were; 
that  is,  it  will  make  the  loud  por¬ 
tions  louder  and  the  soft  portions 
softer,  but  always  by  the  same 
amount  for  a  given  input  level 
Thus  the  expander  circuit  might  in¬ 
crease  every  signal  that  is  10  db 
above  the  average  volume  level  to 
16  db  above  the  average,  but  the 
level  in  the  studio  might  have  been 
far  higher  than  this,  or  even  lower. 

With  manual  compression,  i* 
would  be  extremely  difficult  to  de¬ 
vise  a  circuit  to  overcome  this  fault 
especially  since  most  studio  engi¬ 
neers  ride  gain  on  each  microphone 
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0  Jypical  of  the  ingenuity  of  American 
industry  in  developing  new  products  and  im¬ 
proving  old  ones  with  plastics  is  the  above- 
illustrated  plastic  binocular  case  which  was 
produced  by  the  Hood  Rubber  Company  for 
iausch  St  £omb  Optical  Company. 


Due  to  the  vital  importance  of  binoc¬ 
ulars  to  the  Armed  Forces,  it  was  ab- 
wlutely  essential  that  these  instru¬ 
ments  be  carefully  safeguarded  against 
injury. 

In  the  quest  for  the  ideal  material, 
eight  different  types  were  considered. 
Of  these,  only  one  successfully  passed 
»11  the  requirements  for  binocular  cases. 
This  was  a  laminated  and  molded 


plasticized  vinyl  reinforced  with  Durez 
phenolic-impregnated  fabric  and  other 
materials. 

This  new  case  passes  the  accelerated- 
weathering  (240-hr.  test),  salt-spray 
(lOO-hr.  test),  impact- resistance  (4  ft., 
-50°  F.),  accelerated-warp  (7  days,  160 
to -10°F.),  flexural-resistance  (IVi-in. 
radial  bend),  abrasion-resistance,  and 
construction  tests  as  set  up  by  the 
U.  S.  Navy.  Another  interesting  feat¬ 
ure  is  the  resistance  to  fungi  and  bac¬ 
terial  growth  which  this  case  possesses, 
to  the  extent  that  the  binoculars  them¬ 
selves  are  immunized. 

The  versatility  of  Durez  phenolic  plas¬ 
tics  has  made  their  use  almost  universal 
throughout  industry.  Such  properties 


as  dimensional  stability  at  temperature 
extremes,  diversity  of  finishes,  dielec¬ 
tric  strength,  and  resistance  to  mois¬ 
ture,  heat,  acids  and  alkalies,  render 
them  invaluable  to  the  imaginative  de¬ 
sign  engineer. 

Perhaps  you  are  searching  for  a  ma¬ 
terial  for  some  product  which  you  in¬ 
tend  to  market  in  the  post-victory  era. 
If  so,  we  suggest  that  you  take’  advan¬ 
tage  of  the  wealth  of  experience  which 
Durez  technicians  have,  available  for 
your  benefit  at  all  times.  You  are  al¬ 
ways  assured  of  the  complete  cooper¬ 
ation  of  the  Durez  staff  to  help  you 
solve  plastic  material  problems.  Durez 
Plastics  &  Chemicals,  Inc.,  325  Walck 
Road,  North  Tonawanda,  N.  Y. 
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VOLUME  EXPANDERS  (continuM) 

separately,  rather  than  use  the  mas¬ 
ter  gain  control;  however,  with  au¬ 
tomatic  compression  the  amount  of 
compression  can  be  measured  and 
an  extra  signal  transmitted  or  re¬ 
corded  whose  amplitude  varies  with 
the  amount  of  compression  and  this 
signal  can  be  used  in  the  receiver 
or  phono  amplifier  to  regulate  the 
amount  of  expansion. 


Suggested  System 


Figure  2  is  a  schematic  diagram 
of  how  such  a  system  might  oper¬ 
ate.  The  compressor  circuit  is  sim¬ 
ilar  to  Fig.  1,  but  in  addition  the 
compression  bias  is  used  to  control 


Fig.  2 — Suggested  eyatem  of  Tolume  ex- 
ponaion  for  a  tranamitter  which  employi 
a  20*c7cle  pilot  signal  whose  amplitude 
varies  with  the  amount  of  compression 


the  amplitude  of  a  sine-wave  signal 
whose  frequency  is  just  out  of  the 
audio  range,  for  instance  20  cycles. 
This  signal  is  then  mixed  with  the 
regular  signal  and  both  are  trans¬ 
mitted.  In  the  receiver,  the  20-cycle 
component  is  separated  by  a  filter 
system  and  is  rectified  to  furnish  a 
volume-expansion  bias.  With  care¬ 
ful  design,  an  arrangement  like  this 
could  give  almost  perfect  volume- 
range  reproduction. 

Thus  it  may  be  said  that  although 
volume  expansion  is  ordinarily  de- 
sirable  it  is  not  as  vital  as  might 
1^  expected,  and  in  many  installa¬ 
tions  would  subtract  from  rather 
than  add  to  the  listener's  enjoy¬ 
ment.  In  addition,  the  usual  ex- 


ELECTRONIC  AC  VOLTMETER 

with  Logarithmic  Scale 


MODEL  300  / 


ELECTRONIC 


VOLTMETER 


’CALI 


The  important  feature  of  logarithmic  scale  in¬ 
dication  in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1  as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  common  with  most  multi¬ 
range  instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  2%  specified  tolerance  over 
the  complete  range  of  operation. 
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THESE  GENERAL 
INDUSTRIES  MOTORS  ARE 
CERTAINLY  SMOOTH 


YES,  AND  YOU 
CAN'T  BEAT  THEIR 
PLASTIC  PARTS 


(Small  motors  and  molded 
plastic  parts,  both  from 
General  Industries,  meet 
frequently  on  assembly 
lines  of  leading  manufac¬ 
turers.  When  they  do, 
they  match  up  with  pre¬ 
cision  because  of  the  care 
*and  ability  which  goes 
into  their  manufacture. 


Our  Smooth  Power  drives  have  been  proved  for 
years  in  our  own  lines  of  recorders,  record-changers  and 
turntables.  Their  quick  pickup,  unvarying  speed, 
velvety  smoothness  and  dependability  have  kept  them 
favorites  for  many  peacetime  products,  and  have  been 
responsible  for  their  wide  military  use.  Most  buyers  find 
what  they  want  in  our  standard  lines,  hut  when  specifi¬ 
cations  are  unusual,  we  design  and  build  them  to  order. 


In  our  molded  plastics  division,  your  blue- 
prints  or  sketches  get  close  scrutiny  by  engineers  who 
know  plastic  compounds  and  how  to  use  them.  Our 
mold  designers  study  every  job  to  find  ways  of  doing  it 
better,  quicker  and  more  economically.  As  for  close 
tolerances  and  fine  finishes,  we  refer  you  to  the  assembly 
men  and  inspectors  in  the  many  plants  which  depend  ^ 

upon  us  for  their  molded  plastics.  *  ^ 

So,  you  can  depend  upon  General  Indus¬ 
tries  for  your  postwar  needs  in  both  these 
products.  You’ll  save  time  by  starting 
general  discussions  now,  to  be  followed  by 
details  when  our  military  commitments 
have  been  finished.  Please  address  the  spe¬ 
cific  division . . .  motors  or  molded  plastics. 
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VOLUME  EXPANDERS  (centinutd) 

pansion  circuits  will  only  roughly 
approximate  the  original  volume 
pattern,  an  exact  reproduction  re¬ 
quiring  a  codrdinated  compression- 
expansion  system. 


"You'lt 

HEAR  MORE 

from  Astatic" 


Radar  Terms  and 
Abbreviations 

Following  is  a  list  of  the  popular 
terms  used  by  radar  technicians  aa 
reported  in  Aviation  News  for 
April  2,  1945. 

“A”  Scope — An  “A"  scope  indi¬ 
cates  the  range  of  the  target  as 
the  distance  along  a  horizontal 
line  from  the  transmitted  pulse 
to  the  signal  (see  Indicator) 

AI — Short  for  Aircraft  Intercep¬ 
tion.  Short  range  airborne  radar 
sets  which  guide  nightfighers  in 
their  interception  of  enemy  air¬ 
craft 

ASV — Abbreviation  for  Air  to  Sur¬ 
face  Vessel.  ASV  search  sets  are 
used  in  aircraft  for  detecting 
objects  on  the  surface  of  the  sea 
AW  —  Aircraft  Warning.  AWS— 
Aircraft  Warning  Service 
“B”  Scope— A  “B”  scope  shows  the 
range  vertically,  and  the  rela¬ 
tive  azimuth  or  bearing  hori¬ 
zontally.  Signals  appear  as 
bright  spots 

Blip — British  for  pip.  Term  used 
to  designate  the  signal  on  a 
scope  or  indicator 
Blister — The  housing  for  radar  an¬ 
tenna  (see  Radome) 

BTO — Bombing  through  overcast 
(e.g.,  with  the  “Mickey”  set) 
Chaff  —  Foil  and  paper  strips 
dropped  from  airplanes  to  cre¬ 
ate  false  signals  on  enemy  radar 
sets  (see  Window) 

GCA — Ground  Control  Approach. 
The  technique  and/or  apparatus 
for  “talking  down”  an  aircraft 
into  approach  for  landing  in 
poor  visibility 

GCI — Ground  (or  ship)  Control  of 
Interception.  GCI  stations  vec¬ 
tor  (i.e.,  supply  bearings  to)  to 
within  visual  or  radar  range  of 
enemy  aircraft 

GL — Gun  Laying.  Range,  bearing 
and  elevation  provided  by  GL 
equipment  to  direct  ground  or 
shipboard  guns  and  control  their 
fire 

IFF — Identification  of  Friend  or 
Foe.  Method  of  automatically 
challenging  and  receiving  po**' 


ASTATIC  Crystal  Devices 
manufactured  under  Brush 
Development  Co.  patents. 


Corporation 


CONNBAUT,  OH  I 

IN  CANADA:  CANADIAN  ASTATIC  LTO,  TODONTO,  ONTARIO 
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All  over  the  world — on  the  Western  Front,  in 
the  humid  tropics  or  polar  wastes  to  the  arid 
)verca8  desert  regions — the  value  of  Jefferson  Trans- 
set)  former  quality  is  demonstrated  daily  in  a  variety 
strips  of  vital  services  to  our  armed  forces.  Despite  the 
to  ere-  tremendous  need  occasioned  by  this  round-the- 
,  world  war  activity,  the  principle  of  Jefferson’s 
ty  ra  <iaality-with'auantity  is  consistently  maintained. 

Magnified  aemand  from  the  military  as  well  as 
pproach.  essential  war  industries  during  the  past  few  years, 
jparatus  resulted  in  far-reaching  transformer  develop- 
‘rcraft  methods  of  production.  New  needs, 

and  many  new  applications  have  built  up  a  great  fund  of  technical 
ding  II*  knowledge  that  Jefferson  Electric  will  use  in  serving  the  increased 
industrial  demand  of  the  great  new  peace  era. 
jntrol  of  This  vast  reservoir  of  added  experience  assures  you  that  Jefferson 
vec-  ***‘^*^c  Transformers  will  continue,  in  the  future  as  in  the  past, 
.  .  offer  the  same  superior  service  that  means  dependable,  reliable 

?8  to)  to  nerformance  at  all  times _ JEFFERSON  ELECTOIC  COMPANY, 

range  of  Bellwood  (Suburb  of  Chicago),  Illinois.  In  Canada:  Canadian 
Jefferson' Electric  Co.  Ltd.,  384  Pape  Avenue,  Toronto,  Ont. 
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CHICAGO  39,  ILLINOIS 
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BUY  MORE  BONDS! 


RADAR  TERMS  (continy*^) 

tive  response  from  aircraft  or 
ship 

Indicator  —  Radar  signals  dis¬ 
played  on  face  of  a  cathode-ray 
tube,  the  end  of  which  is  called 
the  “scope”  (from  oscilloscope), 
or  screen' 

Jamming — Introduction  of  false 
radiation  into  enemy  radio  and 
radar  devices 

Mickey — Radar  set  used  by  Path¬ 
finder  planes  in  BTO 

Pip — American  for  “blip.”  Signal 
on  scope 

PPI — Plan  Position  Indicator,  a 
circular  map-type  scope.  May  be 
compared  with  charts  as  a  navi¬ 
gational  aid.  PPI  scope  photos 
have  appeared  in  the  press 

Racon — ^Radar  beacon,  used  as  a 
navigation  aid,  “blind”  landing 
of  planes,  etc.  Radome,  antenna 
housing  (see  Blister) 

RDF — Radio  Direction  Finding, 
also  Radiolocation.  British 
terms  for  Radar  (radio-detec- 
tion-and-ranging),  which  is  an 
American  term 

Window  —  Mechanical  reflecting 
devices  dropped  from  planes  to 
confuse  enemy  radar 


The  urgent  demand,  in  peacetime  days,  by  the  aircraft 
and  radio  industries  for  a  compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip- 
ment  for  the  armed  services. 

Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speed  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality-proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least. 


Third  Chicago  War 
Production  Conference 

In  an  all-day  program  attended 
by  more  than  2,000  persons,  the 
third  Chicago  War  Production  Con¬ 
ference  was  held  on  March  29,  at 
the  Stevens  Hotel  in  Chicago. 
Thirty-six  panels  on  a  wide  variety 
of  technical  topics  were  presented 
including  radiography,  x-ray  appli¬ 
cations,  instrumentation,  electronic 
control,  and  a  general  session  on 
electronics. 

Dr.  L.  T.  Rader,  director  of  the 
Department  of  Electrical  Engineer¬ 
ing  at  the  Illinois  Institute  of  Tech¬ 
nology,  spoke  on  “Motor  and  Indus¬ 
trial  Process  Control”,  pointing  out 
that  industrial  electronic  equipment 
must  be  designed  and  constructed 
on  a  different  basis  from  that  of 
communication  equipment.  Long 
life,  dependability  of  operation 
under  adverse  conditions,  and  cost 
are  important  factors  in  the  con¬ 
struction  of  industrial  electronic  de¬ 
vices.  It  was  also  pointed  out  that 
industrial  electronics  as  such  does 
not  and  probably  will  not  stand  on 
its  own  feet,  but  rather  must  be  re- 
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Precision-made  brass  and  otiier  Western  and  New  Haven,  Conn.,  delivers  os  sped- 
copper-base  alloys  will  serve  important  fied ...  in  sheet,  strip,  long  coils  or 
functions  in  a  large  nmnber  of  tomorrow’s  stamped  parts. 


new  and  improved  products. 
Manufacturers  seeking  alloy 
metals  to  meet  very  exacting  re¬ 
quirements  find  that  Western, 
with  mills  at  East  Alton,  Ill., 


BRASS 

PPODUCTS 


We  may  be  able  to  serve  you. 
Now,  perhaps — or  later.  Your  in¬ 
quiry  win  be  welcomed.  Western 
Brass  Mills,  East  Alton,  Ill., 
Division  of  Olin  Industries,  Inc. 


Western  Brass  Mills 

MASTERS  OF  PRECISION 

.  BRONZE  •  PHOSPHOR  BRONZE  •  NICKEL  SILVER  *  COPPER 
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WAR  CONFERENCE  (continual) 

garded  as  a  very  important  element 
in  a  completely  integrated  field  of 
engineering.  It  was  also  pointed 
out  that  electrical  components  such 
as  are  used  in  the  communication 
field  are  often  too  fragile  for  use  in 
industrial  equipment,  and  that  in 
many  cases  a  failure  to  provide  suffi¬ 
ciently  generous  tolerances  in  engi¬ 
neering  design  also  contributed  to 
failure  of  the  equipment  in  the  field. 

Electronic  Heating 

A  talk  on  “High  Frequency  In¬ 
duction  Heating”  was  given  by  Mr. 
John  M.  Cage,  engineer  in  charge 
of  Electronic  Control  Division  of 
Allis-Chalmers.  The  manner  in 
which  heat  is  generated  in  conduct¬ 
ing  materials,  whether  magnetic  or 
not,  was  discussed  and  it  was  shown 
that  the  basic  circuits  of  electronic 
heating  units  are  all  similar  but 
that  the  number  of  applications  is 
exceedingly  varied.  It  was  shown 
that  the  fundamentals  of  induction 
heating  depend  on 


Typical  of  Si*  largor  port- 
obto  ShoHcroM  KUcrvoit- 
Motors,  No.  722  it  rotod 
2-20  KV.  d-c.  1000  ohms 


^Shallcross 

HIGH  VOLTAGE 


(1)  induced 
voltage,  (2)  skin  effect,  and  (3) 
hysteresis. 

Carl  Madsen,  electronic  engineer, 
Industry  Engineering  Department 
of  Westinghouse,  spoke  on  “Hig^i 
Frequency  Heating  of  Dielectrics.” 
Its  use  in  the  rayon  and  nylon  in¬ 
dustries,  to  set  the  thread  to  pre¬ 
vent  twisting  and  stiffness  of  the 
yarn,  was  compared  to  the  anneal¬ 
ing  process  in  metals. 

He  pointed  out  that  the  cost  of 
sterilizing  grain  by  electronic 
means  is  about  2  cents  per  bushel 
and  that  this  cost  was  too  high  for 
this  application.  At  the  same  time, 
the  cost  was  sufficiently  low  that  it 
could  be  applied  to  package  good*. 

Regarding  food,  Mr.  Madsen 
commented  on  reports  that  it  would 
be  possible  to  cook  meals  by  means 
of  dielectric  heating  in  the  postwar 
period.  This  did  not  prove  too  at¬ 
tractive  because  it  has  not  been 
found  feasible  to  heat  uniforinlyi 
since  the  fatty  and  lean  portions 
heat  at  different  rates.  Moreover, 
in  order  to  cook  a  1-lb  steak  in  10 
seconds,  as  has  been  held  to  be  feas¬ 
ible,  160  kw  of  power  would  be  re¬ 
quired.  Mr.  Madsen  did  not  state 
where  or  how  the  steak  was  to  be 
obtained. 

-  In  the  discussion  following  the 
panel  on  electronic  controls,  Dr- 
Rader  pointed  out  that  economic 
problems  were  of  considerable  i®* 


li  youi  requirements  call  lor  standard 
kilovoltmeters  or  kilovoltmeter  multi¬ 
pliers  in  any  one  of  many  sizes  and 
voltage  ranges  or  for  specially  designed 
high  voltage  equipment,  Shallcross 
offers  the  services  of  its  High  Voltage 
Engineering  Section.  Backed  with 
meuiy  years  of  experience  in  this  held, 
Shallcross  engineers  welcome  the  op¬ 
portunity  to  help  in  the  solution  of 
practically  any  high  voltage  test  or 
measurement  problem. 


Bulletin  "T',  lecently  released,  includes  de¬ 
tailed  descriptions  of  standard  Kilovoltmeters, 
Kilovoltmeter  Multipliers,  and  Corona  Protected 
Resistors  and  serves  as  a  guide  to  the  many 
special  types  that  can  be  produced  to  match 
particular  requirements  in  a  range  of  potentials 
from  1  to  200  kilovolts. 


A  spodal  ShallcroM  Corona  Protoclod 
Kilovoltmotor  wMl  front  ihlolding  wiro 
tcroon  romovod  to  >how  intorior. 
Motort  tlluilrotod  aro  optional. 
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Varnish  is  often  hard  on  film-coated  magnet  wire  in- 
•  sulation  unless  the  film  is  properly  cured  or  baked. 
That’s  why  many  users  require  boiling  tests  in  toluol 
and  alcohol  solutions,  for  as  long  as  5  minutes. 

To  meet  these  requirements  consistently,  Essex 
engineers  use  even  stronger  toluol-alcohol  solutions 
than  usually  required — maintain  constant  mixtures  by 
special  condensing  apparatus — and  boil  the  wire, 
not  5,  but  15  minutes!  ^  \ 

The  results  of  this  Extra-Test  enable  Essex  engi¬ 
neers  to  maintain  complete  control  of  curing  or 


baking  film-coatings  within  narrower  limits — assuring 
insulation  of  maximum  resistance  to  any  varnish  treat¬ 
ment — preventing  varnish  fiiilures  in  the  field. 

Just  one  of  many  important  reasons  why  Essex 
Extra-Test  Magnet  Wire  has  reached  such  an  enviable 
"first  choice”  position  in  fifteen  short  years. 


ESSEX  WIRE  CORPORATION 

FORT  WAYNE  6,  INDIANA 


toRONics— Moy  ms 


WAR  CONFERENCE  (contInutO) 

portance  in  industrial  applications. 
It  was  his  observation  that  many 
parts  going  into  industrial  equip¬ 
ment  are  not  well  designed  or  are 
sometimes  misapplied  in  practice. 
The  practice  of  applying  electronic 
control  to '  existing  equipment  he 
viewed  unfavorably  and  he  antici¬ 
pates  that  rotating  equipment,  for 
example,  will  be  redesigned  in  the 
future  so  as  to  be  more  suitable  for 
electronic  control. 

Efficiency 

Considerable  discussion  was  de¬ 
voted  to  induction  and  dielectric 
heating. 


In  response  to  a  question 
as  to  the  efficiency  of  electronic 
heating  units,  Mr.  Cage  pointed  out 
that  the  efficiency  as  given  by  vari¬ 
ous  manufacturers  is  measured  in 
different  ways  and  usually  refers 
to  the  maximum  possible  efficiency 
under  desirable  operating  condi¬ 
tions.  However,  this  maximum  effi¬ 
ciency  is  not  too  important  since  it 
can  seldom  be  achieved  in  practice. 
Moreover,  the  cost  of  power  is  not 
generally  a  significant  matter  in 
most  fields  in  which  electronic  heat¬ 
ing  can  be  applied  successfully.  As 
a  basis  for  judging  the  operation  of 
equipment,  it  was  felt  that  rotating 
machines  could  be  considered  as 
having  an  efficiency  of  75  percent, 
mercury-vapor  inverters  90  per¬ 
cent,  sparkgap  generators  50  to  70 
percent,  and  vacuum-tube  oscilla¬ 
tors  50  to  75  percent  as  approxi¬ 
mate  values. 

Mr.  Madsen  indicated  that  he  be¬ 
lieved  commercial  baking  by  elec¬ 
tronic  methods  has  possibilities  al¬ 
though  this  problem  is  not  yet 
solved  and  one  of  the  major  difficul¬ 
ties  is  that  of  providing  a  crust  on 
the  exterior  of  the  bread.  Heating 
of  ink  on  fast-moving  web  belts  did 
not  appear  too  attractive  an  applica¬ 
tion  for  dielectric  heating  since 
this  would  require  waves  of  fre* 
quencies  of  hundred  of  megacycles 
or  else  such  high  voltages  that 
flash-over  would  probably  occur.  In 
general,  it  was  stated  that  rods 
or  wires  less  than  i  in.  thick  could 
not  be  easily  treated  by  dielectric 
heating  although  much  thinner 
sheets  could  be  treated.  As  regards 
the  size  of  equipment,  Mr.  Madsen 
,  stated  that  so  far  as  he  knew,  > 
150-kw  unit  was  the  largest  that 
had  been  put  into  commercial  serv¬ 
ice  for  dielectric  heating  whereas 


High  above  Tokyo — and  in  every  war 
zone  throughout  the  world — automatic, 
split'second  controls  are  providing  greater 
safety  for  our  fighting  forces.  Planes  re* 
turn  safely  because  of  them;  tanks  per¬ 
form  more  efficiently;  submarines  de¬ 
pend  on  them. 

Chace  Thermostatic  Bimetals  play  an 
invisible,  but  unfailing  part  in  many  of 
these  automatic  controls.  They  have 
been  selected  by  the  control  builder — 
because  of  their  responsiveness,  their 
sensitivity,  their  accuracy,  their  depend¬ 
ability — as  the  actuating  element  for  his 
temperature  responsive  device. 

The  same  principles  employed  in  de¬ 
signing  these  vitally  important  controls 
for  our  fighting  equipment  will  one  day 
help  again  to  produce  better  controls 
and  appliances  for  Industry,  for  our  trans¬ 
portation  systems,  the  automobile,  and 
the  home. 

Chace  Thermostatic  Bimetals — made  in 
thirty-five  types,  each  of  which  offers 
specific  advantages  to  control  builders — 
are  sold  in  sheets,  strips  and  finished 
forms. 
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APPROVED 


—  meets  a  long  felt  need  for 
0  Cord  of  High  Dielectric 
Strength  that  is  practically 
Ageless.  It  has  High  Abra¬ 
sive  and  Impact  Resistance. 

Other  favorable  features 
are: 

Resistance  to  Oil,  Flame, 
Alcohol,  Water,  Alkali  and 
most  Common  Solvents! 


POS  ''Tru-Rip'';  Lamps,  Clockt,  RcKiioi,  Light  Applionces 


PSV  Light  Duty;  Vacuum  Cieoners,  Ferns,  Food  Mixers 


PSJ  Medium  Duty;  Drills,  Grinders,  Tools,  etc.' 


PS  Heavy  Duty;  Portable  Tools,  Sus  Heaters,  etc. 

A$k  Yow  NearBst  Graybar 
Company  Office  for 
Prices  and  Samples 


B-tCTRONICS  — Woy  1945 


WAR  CONFERENCE  {continu«d) 

for  induction  heating,  a  unit  of 
1200  kw  has  been  built.  These 
values  do  not  necessarily  represent 
the  largest  installation  since  in  sev¬ 
eral  cases  several  units  were  used 
in  parallel. 


Special  Problems 

The  question  was  asked  whether 
it  was  possible  to  use  dielectric 
heating  in  plastic  molds  where 
metal  inserts  were  required.  It  was 
reported  that  by.  employing  dielec¬ 
tric  heating  as  a  means  of  heating 
the  pre-form,  the  plastic  was  made 
to  form  more  readily  in  the  molds 
and  in  this  way  could  be  used  to 
reduce  the  difficulty. 

As  to  the  interference  produced 
by  electronic  generating  units,  it 
was  stated  that  efficient  shielding 
of  induction  heating  units  and  the 
relatively  small  field  of  these  sys¬ 
tems  resulted  in  very  little  radio 
interference.  Dielectric  heating  is 
most  likely  to  produce  greater  in¬ 
terference  because  the  output  cir¬ 
cuit  was  a  more  effective  antenna. 
Mr.  Madsen  stated  that  in  those 
cases  where  interference  could  not 
be  suppressed  by  adequate  shielding 
and  filtering,  consideration  has 
been  given  to  the  operation  of 
equipment  on  frequencies  assigned 
by  the  FCC.  Requests  for  fre¬ 
quencies  of  13.6,  27.2  and  40  Me  for 
electronic  heating  have  been  sub¬ 
mitted  to  the  FCC. 


Scotch  ^.^wTapes 


are  made  to  meet  a  wide  range  of  installation 
conditions.  They  have  backings,  adhesive 
properties,  mechanical  and  dielectric  strengths, 
corrosion  resistance,  moisture  resistance  and 
resistance  to  other  deteriorating  factors,  exactly 
tuned  to  specific  requirements.  If  you  are 
wondering  what  type  to  use  on  some  specific 
installation,  our  new  book  on  "SCOTCH" 
Electrical  Tapes  will  help  you  make  the  correct 
selection. 

Whether  the  job  in  hand  involves  the  insu¬ 
lating  of  small  reactor  coils  or  winding  a  large 
motor  coil  there  is  a  "SCOTCH"  Electrical 
Tape  with  the  right  electrical  properties  and 
mechanical  strength  to  insure  first  class  per¬ 
formance.  Use  the  coupon  below  to  get  your 
copy  of  the  new  "SCOTCH"  Electrical  Tape 
Book  today. 

"SCOTCH"  it  Ik*  trad«nark  for  Ik*  Adkotiv* 

Tap««  Modo  ky  Mloriotota  Mtolnf  A  Mlf.  Co. 


FUt-bKk  "SCOTCH”  ElKlricil 
TAPE  fMt«ns  eoih  of  fiiM 
coppor  wir*.- 


•SCOTCH"  Elecliicil  TAPE 
provider  i  tear-proof  edging 
for  Slot  insulation. 


Resistance  Test  Technique 

The  instrumentation  panel  was 
given  over  to  measurements.  J.  F. 
Inman  spoke  on  ‘.‘High  Voltage  In¬ 
sulation  Testing”,  J.  Dauber  of  the 
Acme  Industrial  Co.  spoke  on  ‘‘Gag¬ 
ing  Methods — Size,  Angle  and  Flat¬ 
ness  by  Light  Wave  Methods”  and 
D.  0.  Kochmich  of  the  Trimount 
Instrument  Co.  spoke  on  ‘‘Static 
and  Dynamic  Pressure  Measure¬ 
ments”.  Mr.  Inman  gave  a  histori¬ 
cal  review  of  high-voltage  methods 
of  measuring  insulation  resistance, 
pointing  out  that  the  calibration  of 
resistance  by  means  of  current 
measurements  (as  in  the  usual 
ohmmeter)  permits  the  calibration 
of  very  high  resistances  even 
though  no  standards  are  available. 
Measurements  of  resistance  of 
cables  subjected  to  high  voltage* 
frequently  produce  breakdown 
which  is  not  always  detected.  To 


Figtening  i  snull  coil  with 
Flit-back  "SCOTCH"  Electrical 
TAPE. 


MINNESOTA  MINING  A  K. 

MANUFACTURING  COMPANY 
Sokil  Paal  6,  MiimMola 

•  copy  of  your  now  book  on  "SCOTCH**  Efodrkal  Topot. 


ELECTRONICS 


AROUND  THE  WORLD 

El-Menco  Capacitors  are  serving  faithfully  at  countless  vital  spots  in 
Army  and  Navy  communications  systems  wherever  they  may  be. 

Because  of  their  recognized  high  quality  we  know  they  will  continue  to 
girdle  the  globe  after  the  war  —  in  products  whose  manufacturers  will 
demand  perfection  in  every  detail. 


Manufacturers  of 
Electronic  Elquipment: 


Send,  on  firm  letterhead 
for  new  Capacitor  Catalog 


IHE  electro  motive  MFC.  CO. 

Willimantic,  Conn. 
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WAR  CONFERENCE  (continu«d) 

make  insulation  tests,  he  recom¬ 
mended  resistance  measurements 
at  comparatively  low  voltage,  sub¬ 
jecting  the  cable  to  a  high-voltage 
test  if  this  was  required,  and  then 
to  follow  this  test  by  another  re¬ 
sistance  measurement  at  low  volt¬ 
age.  The  initial  and  final  resistance 
measurements  made  at  low  voltage 
should  check  if  no  damage  has  been 
done  to  the  cable  insulation. 

A  simple  method  of  measuring 
flatness,  size  and  angle  of  gages  and 
precision  parts  in  industrial  plants 
was  described  by  Mr.  Dauber.  The 
method  has  for  its  basis  the  use 
of  an  optical  flat  in  contact  with 
the  material  under  test. 


Designed  for 
Modern  Motors 


Spore  Life 

In  speaking  on  “Tropicalization, 
The  War  on  Spores”,  Wilfred  F. 
Horner,  Director  of  the  Biological 
Lab.,  Belmont  Radio  Corp.,  dis¬ 
cussed  the  work  of  his  organization. 

It  was  shown  that  the  growth 
of  fungus  required  the  presence  of 
water  as  a  liquid,  and  oxygen,  while 
essential  nutrition  was  frequently 
provided  by  the  material  on  which 
spores  deposited  themselves.  It 
was  found  that  spores  multiply 
most  rapidly  at  temperatures  be¬ 
tween  65  and  80  degrees  and  for 
values  of  pH  betw’een  6  and  7. 
Colored  slides  of  spore  growths  and 
the  effect  of  various  fungicides 
were  shown  and  several  types  of 
materials  suitable  as  fungicides  and 
for  tropicalization  were  mentioned. 

Leonard  R.  Robb,  Production 
Control,  Stewart  Warner  Corp., 
spoke  on  “Crash  Program  vs. 
Planned  Production”,  outlining  the 
difficulties  that  a  manufacturer  of 
electronic  equipment  faced  during 
the  war  production  schedule. 

Raoul  du  Chatellier,  Returned 
Communication  Officer  Military  In¬ 
telligence  Service,  1st  Army  A.E.F. 
and  now  with  the  Galvin  Mfg.  Co., 
in  a  restricted  talk  “What  Wfr 
Thought  of  FM  in  Normandy”  out¬ 
lined  his  experiences  since  landing 
in  France  last  June.  This  talk 
served  to  outline  some  of  the  con¬ 
ditions  under  which  communication 
equipment  was  operated,  some  of 
the  difficulties  in  operation  which 
were  encountered  in  the  field,  and 
indicated  the  value  of  f-m  equip¬ 
ment  as  compared  to  amplitude 
modulated  equipment. 


Withstand  Extra  Heat 


Save  Space 

Space  factor  is  becoming  increasingly  more  important  in  the  selec¬ 
tion  of  magnet  wire  because  modern  motors  are  designed  to  give  the 
same  power  from  smaller  frames.  Designing  engineers  of  electrical 
products  specify  G-E  Deltaglass  Magnet  Wire  because  it  permits 
a  greater  amount  of  copper  in  the  space  allowed  for  the  winding 
—  and  will  still  withstand  the  extra  heat  by  a  comfortable  margin. 

Deltaglass  Magnet  Wires  are  used  for  winding  motors,  lifting 
magnets,  brake  coils,  generators  and  in  numerous  other  electrical 
devices  and  equipment.  Deltaglass  is  insulated  with  yarn  of  spun 
glass  that  is  firmly  bonded  to  the  copper  conductors  with  a  heat- 
resisting  insulating  varnish.  It  is  constructed  with  either  single  or 
double  wraps  of  glass  yarn  or  with  Formex  copper  conductors 
covered  with  single  or  double  wraps  of  spun  glass.  Deltabeston  is 
smooth,  tough  and  extremely  flexible.  It  can  be  flexed  and  bent  into 
intricate  shapes  without  rupturing  its  insulation.  It’s  available  in 
round,  square  and  rectangular  shapes  in  a  full  range  of  sizes. 

Here’s  a  catalog  that  will  help  solve  your  wiring 
problem.  You  can  obtain  your  free  copy  by  writing 
to  Section  V-$55-119,  Appliance  and  Merchandise 
Dept.,  General  Electric  G).,  Bridgeport,  Conn.  All 
Deltabeston  Asbestos-  Glass-  and  Synthetic-insu- 
lated  Wires  and  Cables  for  special  applications  are 
distributed  by  Graybar  Electric  Co.,  G-E  Supply 
Corp.,  and  other  G-E  Merchandise  Distributors. 


BUY  WAR  BONDS  AND  KiiP  THEM 


Ma,  IMS  — aECTRONiCS 


SNIP  IT,  SEAL  IT,  SHIP  IT! 

Tubular  Form  ^1000  Foot  Reels 

Make  quickly  in  your  own  plant  TITE-SEAL  Cellophane  Bags  of  any 
size  that  seal  out  dust,  air,  water  and  moisture-vapor.  They  protect 
military  supplies  from  damage  in  transport  or  storage. 

Acceptable  for  Methods  I  and  lA,  type  III  packaging  . . .  available 

in  3,  4,  6  and  8  inch  widths  under  proper  priority  . .  .  1000  feet  to  the 

e 

reel.  Saves  stocking  large  quantities  of  special-sized  bags.  (Stock  Bags 
also  available  in  above  widths.) 

“All-Size”  Containers  and  custom  made  bags  can  be  furnished 
plain  or  printed  in  any  widths  or  lengths  desired  on  special  orders  of 
sufficient  quantity. 

Heavy  foil-Uned  laminated  bags  or  tubes  meet  every  requirement  of 
Methods  I,  LA  and  II  Military  Packaging.  LOXTITE  Partitions  give  crash 
protection  to  fuses,  rations,  and  delicate  or  fragile  items. 

Reasonably  prompt  shipment  can  be  made  on  government  orders 
bearing  end  use.  A  card  will  place  our  technicians  at  your  command. 


T.  M.  R«g.  a  Potanf  applied  for 


CELLOPHANE  TAPE 


TRAVER  CORPORATION 

D»pt.  ET55  •  358-368  West  Ontario  Street  *  Chicbgo  10,  Illinois  qMitHiM.  r^eapt  tSipMa*. 
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NEWS  OF  THE  INDUSTRY 


cording  to  Samuel  J.  Novick,  pres¬ 
ident  of  the  Electronic  Corp.  of 
America. 

Speaking  recently  at  a  New  York 
Times  Hall  Forum  in  New  York,  he 
said  that  progress  in  science  during 
the  war  is  due  to:  (1)  Every  scien¬ 
tist  who  could  contribute  to  the  war 
effort  being  systematically  sought 
out;  (2)  Huge  expenditures  for 
laboratory  facilities  and  field  work; 
(3)  The  war-imposed  necessity  for 
better  organization  and  direction  of 
research;  (4)  The  fact  that  there 
was  nothing  to  hold  back  new  ideas; 
and  (5)  The  natural  incentive  cre¬ 
ated  by  the  vacuum  of  an  unlimited 
market. 

His  suggestion  was  that  we  must 
maintain  similar  stimuli  if  we  are 
to  put  our  economy  on  an  even  keel 
after  the  war. 


Science  and  prosperity;  postwar  markets;  micrc 
relay  systems;  television  preview;  radar  avigai 
aids;  meetings;  FCC -broadcast  actions;  business 


Radio-Radar  Openings 

Activation  of  an  Army  Air  Forces 
development  project  to  be  known  as 
Watson  Laboratories,  at  Red  Bank, 
N.  J,,  has  created  approximately 
325  openings  for  radio  and  radar 
engineers.  Salaries  range  from 
$2600  to  $6600  per  annum. 

Work  to  be  done  in  this  installa¬ 
tion  is  on  the  development  of 
ground  communication  systems  pe¬ 
culiar  to  the  AAF.  The  positions 
are  under  civil  service  and  carry  all 
the  rights  and  privileges  of  a  war 


service  appointment  under  the 
Classification  Act  of  1923.  More  in¬ 
formation  may  be  had  from  the 
New  York  office  of  the  Civil  Service 
Commission  or  by  direct  inquiry  to 
the  personnel  office  of  the  labora¬ 
tories. 


Science  and  Progress 

Our  future  advancement  toward 
the  necessary  economy  of  abun¬ 
dance  depends  upon  getting  the 
greatest  possible  number  of  persons 
engaged  in  scientific  pursuits,  ac¬ 


Street-Car  Radio 

Frequency  modulation  radio 
equipment  is  planned  for  installa¬ 
tion  in  major  Pacific  Coast  war  cen¬ 
ters  to  speed  the  flow  of  street  cars 
and  buses,  according  to  recent  dis¬ 
closures  by  transit  officials  in  San 
Francisco,  Oakland,  and  Los  An¬ 
geles.  Necessary  priorities  and 
FCC  permits  have  been  secured  for 
the  spending  of  about  $40,000  on 
a  two-way  radio  system  in  the  Los 
Angeles  Transit  Lines.  Facilities 
will  include  a  260-watt  f-m  station 
which  communicates  with  emer¬ 
gency  trucks,  supervisors'  automo¬ 
biles,  and  many  motor  coaches  and 
street  cars  as  well. 

In  San  Francisco,  operators  of 
the  municipal  railway  have  in  mind 
a  phototube  recording  device  which 
would  register  the  bunching  up  of 
street  cars  at  strategic  traffic  loca¬ 
tions,  and  radio  equipment  which 
would  enable  the  dispatching  of  in¬ 
spectors  to  the  area.  Repair  and 
wrecking  equipment  would  also  be 
in  two-way  communication  with  the 
control  tower.  The  entire  inst^ilH* 
tion  would  run  to  $50,000.  Oak¬ 
land  plans  similar  facilities  on  the 
Key  System. 

Western  Union  Relay 

Frequency  bands  of  various  widths 
between  2,000  and  11,372  Me  have 
bepn  allotted  by  FCC  to  Western 
Union  Telegraph  Co.  for  experimen¬ 
tation  regarding  the  practicality  of 
transmitting  regular  telegraph 
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Specialists  in  The  Development  of  UHF  Equipment 

and  in  The  Manufacture  of  UHF  Antennas 
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Completely  portable  -  Accuracy  0.1% 

Battery  or  AC-Operated 

Models  ovcdloble  from  100  to  2000  megaqrcles 
with  2  to  1  fiequenqf  coverage  on  each  model 
RECOMMENDED  FOR: 

•  Production  testing 

•  Measurement  of  oscillator  drift 

•  Independent  alignment  oi  transmitters  and 
receivers 

e  Precise  measurements  of  frequencies 

3nMo3nJ’i^)pai)pioJ^ 


FREQUENCY  GENERATOR 
raOVIDES  outout  voltages  which  are  multi- 
l^es  of  10  or  40  megacycles  with  CRYSTAL- 
CONTROLLED  accuracy. 

SEU^TS  10  or  40  megacycle  series  and  IDEN- 
TUIES  one  of  these  harmonics  by  mhons 
of  a  Freqfuency  Identifier  which  consists  of  a 
filter  {U-oviding  high  attenuation  of  all  voltages 
except  that  of  frequency  to  be  identified. 
USED  FOR  calibration  of  receivers,  wave- 
meters,  or  using  internal  beat  detector,  for 
calibration  of  oscillators  and  signal  generators. 

RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVIIX^,  N.  J. 


PROBLEMS  ^ 

Ut  the.  VHP  7 


Your  present  or  proposed  product  may  demand  precision  in  design, 
manufacture  and  performance.  As  specialists  in  the  development  of  UHF 
equipment  we  may  be  able  to  aid  you  in  accomplishing  this  ...  at  a 
lower  cost  It's  worth  checking  into.  To  help  in  the  development  of  new 
products  ...  or  improve  old  ones,  LAVOIE  LABORATORIES  offers  this 
S-point  service: 

1.  TECHNICAL  ADVICE  by  thoroughly  experienced  UHF  engineers  who 
know  the  "how"  and  "why". 


Typical  LAVOIE  Products  — 


2.  DESIGN  —  from  the  idea  to  the  finished  product  with  o  knock  for 
practical,  low-cost  production. 

3.  MANUFACTURE  of  complete  assemblies  employing  shop  technique 
especially  suited  to  UHF  work. 


NEW  SECRETS 


In  the  Temple  Laboratories,  engineers  and 
technicians  toil  unceasingly  to  provide  new 
and  greater  efficiencies  for  war  communica* 
tions  equipment. 

Needless  to  say  that  out  of  this  constant  search 
for  betterment  comes  further  discovery, 
further  knowledge  —  new  secrets  of  devel¬ 
opment  in  the  limitless  field  of  electronics. 

Temple  engineering  skill  and  inventiveness, 
fostered  still  further  by  the  stress  and  strain 
of  war,  will  contribute  richly  indeed  to  the 
electronic  world  of  the  future. 


Electronics  Division 

TEMPLETONE 

RADIO  MFC.  CORP. 

New  London,  Conn. 


service  via  radio  relay.  Test  instal¬ 
lations  win  be  between  New  Yoi^ 
and  Philadelphia  and  two  years* 
time  has  been  authorized  for  con¬ 
struction. 

A  number  of  FCC  regulations 
were  waived  in  this  case.  For  in¬ 
stance,  regular  commercial  rates 
will  be  charged  in  order  to  create 
an  exact  parallel  between  wire  and 
radio  operation.  Also,  no  caU-letter 
transmission  will  be  required. 

Terminal  stations  will  be  located 
in  the  WU  building  in  New  Tork 
and  in  Camden,  N.  J.,  the  latter 
station  being  remotely  operated 
from  Philadelphia.  Two  interme* 
diate  unattended  repeater  stations 
will  be  located  in  Bordentown  and 
New  Brunswick,  N.  J. 

Maximum  power  at  each  station 
is  to  be  15  w  and  types  of  emission 
will  include  AO,  A1  —  A4,  and  spe¬ 
cial  for  multichannel  telegraph, 
teleprinter,  facsimile,  and  business 
machines.  An  RGA-developed  mod¬ 
ulation  system  will  be  used  to  get 
32  circuits  for  each  transmitter. 

Future  Equipment  Market? 

Russun  familiarity  with  U.  S. 
electronic  equipment  will  very 
likely  be  a  great  aid  in  future  com¬ 
mercial  relations,  it  appears  from 
information  recently  presented  by 
Foreign  Economic  Administrator 
Leo  T.  Crowley  before  the  House 
Foreign  Affairs  Committee. 

He  pointed  out  that  12,000  air¬ 
planes  sent  there  from  the  United 
States  were  all  equipped  with  the 
latest  radio  and  radar  equipment 
Other  electronic  gear  found  its  way 
to  Russia  installed  in  8,300 
armored  cars,  6,000  tanks,  5,500 
prime  movers  and  1,700  ordnance 
service  vehicles. 

Adapters  for  F-M  Sets 

In  the  light  of  discussion  revolv¬ 
ing  about  the  question  of  shifting 
f-m  frequencies  to  the  84-102-Me 
band,  several  manufacturers  have 
come  out  with  equipment  described 
as  suitable  for  adapting  old  receiv¬ 
ers  to  the  new  conditions. 

Besides  a  unit  which  was  pi^ 
sented  during  recent  hearings  by 
members  of  the  FCC  staff  and  re¬ 
ported  as  having  been  built  for 
$8.86  at  retail  prices  of  componenti, 
both  Hallicrafters  Inc.,  and  Elne^ 
son  Radio  &  Phonograph  Corp.  have 
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From  Wilcox’s  war  experience,  as  one  of  the  largest 
manufacturers  of  radio  communications  equipment,  has 
come  many  new  products  •  •  •  a  completely  modem  mass 
production  factory  ...  a  trained  engineering  staff  . , , 
plans  and  the  knowledge  needed  for  both  war  and 
peacetime  products  of  highest  quality.  Look  to  Wilcox 
for  leadership  in  radio  communications  equipment! 


Medd  SOU  Modulator  —  The  1600 
watt  50A  Modulator,  shown  at 
right,  mav  be  used  for  transmit* 
ter  modulation,  or  high-powered 
audio  needs. 


Manufacturers  of  Radio  Equipment 


FOURTEENTH  AND  CHESTNUT 


KANSAS  CITY,  MISSOURI 
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Here’s  important  news  for  users  of  rectifier 
type  instruments.  Conant  has  done  it  again! 
This  new  instrument  rectifier  application 
makes  possible  for  the  first  time  complete 
freedom  from  temperature  enors.  AC  values 
are  read  on  the  same  linear  scale  as  DC  values. 

You’ll  be  amazed  at  the  vastly  improved 
frequency  response  achieved  by  this  new 
development.  This  remarkable 
assembly  can  be  furnished  in  any  of  three 
Conant  series  (500,  160  or  160-C). 

Available  to  original  purchasers  of 
Conant  Instrument  Rectifiers  license  free. 
Write  today  for  details. 


announced  readiness  of  units  of 
their  own  design. 

Hallicrafters  referred  to  two 
t3T)e8  which  are  ready  to  produce- 
one  priced  at  $6.60  and  one  at  $11, 
both  FOB  Chicago  to  quantity 
buyers.  The  more  expensive  of  the 
two  uses  three  tubes. 

Emerson  Radio  &  Phonograph 
Corp.  described  their  adapter  aa 
relatively  simple  and  expressed 
willingness  to  supply  it  free  of 
charge  to  any  owners  of  Emerson 
f-m  receivers. 

Fidelity  Enthusiasts 

As  DISCOVERED  in  a  poll  taken  by  the 
Magnavox  Co.,  a  full  two-thirds  of 
the  owners  of  Magnavox  radio- 
phonographs  consider  popular 
music  less  popular  than  symphony 
and  the  other  classics.  Probably  aa 
a  result,  44.3  percent  of  the  owners 
list  superior  tone  as  the  feature 
they  look  for  first  in  home  sound 
equipment. 

Another  significant  fact  uncov¬ 
ered  by  the  investigation  is  that 
the  record-player  section  of  the 
combination  is  reported  to  be  in 
operation  43.3  percent  of  the  total 
playing  time,  while  the  radio  re¬ 
ceiver  only  gets  the  nod  66.7  per¬ 
cent. 

Laboratory  Consolidation 

Electronic  scientists  of  IT&T 
(International  Telephone  &  Tele¬ 
graph  Corp.)  in  the  U.  S.  and  other 
countries  are  now  grouped  into  a 
corporate  unit — International  Tde- 
communication  Laboratories,  head¬ 
quarters  of  which  will  be  in  the 
Nutley,  N.  J.  project  illustrated. 


ELECTRICAL  LABORATORIES 


«SOO  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


Deiignar's-«T«  Tiaw  oi  tha  projactad 
Intarnational  Talacoxnmuidcation  Labo- 
rcrtoriaa  haadquortart  in  Mutlay.  N.  I* 
Ona  unit  has  alraady  baan  started 

Capitalized  at  $2  million,  the  new 
corporation  is  owned  jointly  bf 
^  ^  IT&T  and  a  subsidiary.  Interna- 
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KAAR  PTL-10X  TRANSMITTER 

10  WATTS  •  1600-2900  KC* 

The  PTL'IOX  is  a  highly  efficient  medium* 
frequency  mobile  transmitter.  It  provides 
communication  from  a  moving  vehicle  over 
distances  ranging  from  50  to  75  miles  when 
used  with  AUTO* LOAD  self*loading  antenna. 
The  "Push*to*Talk’'  button  on  the  micro* 

fihone  completely  controls  the  transmitter, 
ighting  the  instant  heating  tubes,  starting 
the  power  supply,  automatically  silencing  the 
receiver,  and  switching  the  antenna  to  the 
transmitter.  The  standby  current  is  zero. 

Models  for  special  a^lications  are  avail* 
able,  including  the  PTL*22X  medium  fre* 
auency  transmitter  with  22  watts  output,  and 
the  PTS*22X,  a  22  watt  transmitter  for  opera* 
tion  in  the  30*40  MC  band. 


KAAR  11 X  RECEIVER 

6  TUBES  •  1600*2900  KC* 

The  popular  llX  receiver  is  a  crystal  con* 
trolled  superheterodyne  for  mounting  in  an 
automobile  or  other  vehicle.  It  contains  a 
no* signal  squelch  circuit,  and  is  designed  for 
commercial,  civil,  and  military  applications. 

This  receiver  offers  remarkable  accessibility. 
The  top  is  removed  by  simply  pushing  asiae 
two  snap  catches,  or  the  entire  receiver  can  be 
whisked  out  of  the  vehicle  by  releasing  only 
four  catches. 


KAAR 


^  KAAR  AUTO-LOAD  ANTENNA  ENGINEERING  CO. 


This  antenna,  with  matching  coil  in  the  base, 
is  designed  for  use  with  the  PTL*10X  (or  witlj* 
similar  medium  frequency  transmitting  equip* 
ment)  and  matches  the  72  ohm  transmission 
line  from  the  transmitter  and  receiver  with* 
out  auxiliary  tuning  equipment.  It  provides 
an  efficient  method  of  obtaining  maximum 
signal  strength  at  medium  frequencies  with  a 
short  antenna.  It  can  be  quickly  installed  on 
the  rear  bumper  or  on  the  side  of  any  vehicle. 

*Sp*(i'sl  ramgti  t*  7000  KC  mvsiUiblt  tn  ipttiml  trdtr 


PALO  ALTO,  CALIPOtNIA 


Manwfactwrars  of  Mgh  grado  mobNo  and  control 
station  RADIOTflEPHONE  EQUIPMENT  •  POWER 
PACKS  •  CRYSTALS  •  VARIAtLE  CONDENSERS 
MICROPHONES  •  AUTO*LOAD  ANTENNAS 

Expert  Agonfst  PRAZAR  A  HANSEN,  301  Clap  St. 
San  PraaolMa  11,  CalHaraia,  U.S.A. 
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Look  to  COMCO  for  VHF 


E.  M.  Dolofoin*, 
prMidmit  of  In- 
toraotlonol  Tolo- 
c  o  m  m  u  a  !• 
cotton  loborato- 
rios:  NuUoy.  M. 

adonco  hood- 
qnortora  of  1T4T 


Radio  and  Electronic  Equipment 


eral  director  of  Federal  Telephou 
&  Radio  Laboratories.  Vice-preO* 
dents  include  Harold  H.  Buttoer 
and  Douglas  B.  Baker. 

Dedicated  to  initiating  inven* 
tions,  developing  them,  and  provid* 
ing  an  interchange  of  information 
among  system  laboratories  in  New 
York,  Jjondon,  and  Paris,  the  new 
corporation  will  be  located  in  a 
structure  specially  designed  to  melt 
the  exacting  requirements  of  el60> 
tronic  research.  The  first  unit  k 
presently  under  construction. 


Test- Proved 
for  Dependable 
Performance 


The  Comco  system  of  testing 
and  inspection  maintains  a 
continuous  and  rigid  control 
of  quality.  The  finest  scientific 
devices  and  instruments  in  the 
hands  of  experienced  techni¬ 
cians  insure  positive  protec¬ 
tion  against  all  usual  causes 
of  sub-standard  performance. 
It  is  no  accident  that  COMCO 
customized  equipment  has 
become  widely  known  for 
unvarying  quality  and  de¬ 
pendable  performance. 


Democratic  Design 

Postwar  models  of  Bendix  radki 
will  be  infiuenced  in  their  desip 
by  results  of  tests  currently  being 
conducted  by  that  company.  AudiO' 
frequency  range  preferences  aw 
determined  by  comparison  betwen 
a  prewar  receiver  and  a  new  widp 
range  job.  Both  instruments  are  Mt 
at  peak  bass  and  treble  range  for 
the  first  part  of  the  test  and  it 
equal  volume  levels.  Later  one  te- 
lection  is  played  with  bbth  controU 
reduced.  Listeners,  who  rang* 
from  farm  workers  and  businew 
ekwutives  to  bobby-sock  swingster* 
and  symphony  patrons,  record  their 
votes  on  special  forms. 

Further  tests  for  Bendix  will  be 
used  to  make  decisions  on  the 
styling  of  receiver  exteriors.  Opin¬ 
ion  Research,  Inc. 


COMCO  VHF  TRANSMITTER  MODEL  170 

Reliable  VHF,  50  watts  output.  Frequency 
range  100  to  160  Me.  Cabinet  size:  Width 
23';  depth  18';  height  48'.  COMCO  Model 
127AA  Transmitter  also  available  for  oper¬ 
ation  on  a  frequency  range  of  200  to  5  50  kc. 


COMCO  VHF  RECEIVER  MODEL  132 

Compact  VHF  crystal  controlled,  Axed  fre¬ 
quency,  superheterodyne.  Single  channel  re¬ 
ception;  5!4-inch  relay  rack  panel  mounting. 
12  tubes.  Frequency  range  100  to  160  Me. 
Medium  and  low  frequency  receivers  also 
available. 


will  conduct, 
throughout  the  nation,  style  clin¬ 
ics  which  will  simulate  actual  retail 
showroom  buying  conditions. 


More  Basic  Science 

On  the  theory  that  building  new 
postwar  industries  and  product* 
for  mass  consumption  will  depend 
on  the  continued  discovery  of  net 
scientific  laws,  Battelle  Memorial 
Institute  is  planning  an  expanded  | 
program  of  research  education.  Tb* 
program,  which  will  be  directed  ^ 
the  graduate  level,  is  an  expanake 


WKITei/arjf  a  note  on  your  company  letterhead  ont lining  your  exact  requirements.  We'll  give 
you  the  benefit  td  our  specialized  experience.  We  can  supply  a  wide  variety  of  customized 
equipment  on  priority  NOW.  We  are  accepting  non-priority  orders  for  post-war  delivery. 


electroni 


liance  and 


’acfurers,  Telephone 
and  Contractors. 


A^/7  ^ 


There  are  fourteen  practical  advantages  of  theremoplastic  i 
sulation  over  older  types  of  construction  .  .  .  advantages  which 
PLASTIC  engineering  now  makes  possible  at  what,  in  most  cases,  is 
NO  PRICE  PREMIUM.  Check  them  yourself:  I.  Superior  aging 
properties,  2.  High  resistance  to  oxidation,  3.  Low  moisture 
absorption,  4.  High  dielectric  strength,  5.  High  tensile  strength, 
6.  Resistance  to  flame,  7.  Flexibility  at  low  temperatures 
8.  Resistance  to  abrasion,  9.  Resistance  to  chemicals,  10.  Re 
sistance  to  oils  and  greases,  11.  Ease  of  installation,  12.  Increased 
capacity,  13.  Attractive  '.appearance,  14.  Broad  color  range 
Remember  .  .  .  when  you're  thinking  of  PLASTIC  you’re  thinking 
of  US! 
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of  the  plan  which  has  been  mark¬ 
edly  successful  thus  far  with  Ohio 
State  University.  It  is  expected  to 
be  of  special  interest  to  returniof 
veterans,  whose  battlefield  experi¬ 
ences  has  given  them  an  awareness 
of  the  importance  of  technology. 


Boost  Program  Transmission 

Increased  time  allotment  and  ac¬ 
tivation  of  new  transmitters  by 
OWI  (Office  of  War  Information) 
has  made  it  possible  for  shortwave 
news  and  entertainment  broadcasts 
to  men  and  women  of  the  anned 
forces  overseas  to  increase  by  50 
percent.  Shortwave  transmitters 
on  the  East  and  West  Coasts  now 
transmit  more  than  960  hours  of 
such  material  per  week.. 


VERTICAL 


P^RABIATORS 

tt^VAaAlU  MOW  ONLY  TO 
tNOiie  WITH  PMPB  PMOR- 
IT||r*CADY  FOR  QOICK 
jttrflitMT  TO  ALL,  THE 
iwii  PRIORITY  RESIRK- 
nif  ARE  UFTBI.  .  . 


Postwar  Receiver  Markets 

Six  years’  peak  production  for  the 
entire  radio  industry  is  anticipated 
postwar  by  Westinghouse  Electric 
&  Mfg.  Co.  which  sees  a  postwar 
market  for  60,000,000  home  radio 
receivers. 

The  company’s  decision  to  re-en¬ 
ter  the  field  was  made  on  the  basis 
of  an  extensive  survey,  and  five  fac¬ 
tors  were  taken  into  consideration: 
(1)  Frequency  modulation  will 
hasten  replacements  by  outmoding 
sets;  (2)  Demand  for  radio-phono¬ 
graphs  will  increase  the  size  of  the  j 
market  by  increasing  the  average] 
sale;  (3)  Establishment  of  new  I 
homes  by  returning  servicemen  will 
create  a  huge  new  market;  (4) 
Extra  sets  to  provide  listening  con¬ 
venience  throughout  the  home  are 
expected  to  amount  to  a  handsome 
volume;  and  (5)  A  steady  growth 
in  home  television  is  anticipated. 

Sylvania  Electric  Products  has 
also  dug  up  some  facts  about  the 
postwar  receiver  market.  Their  in¬ 
vestigation  leads  them  to  estimate 
that  100,000,000  radios  will  be  sold 
in  the  first  five  or  six  years  after 
the  war. 


Llnao  R«<tiator  and 
pola  for  avary  naad 
porii^  In  standard  nai^ifs 
^  SOO  foat—lor  AM, 
H^Pldavislon  and  ofiar  UHF 
IpL  :  Immadiata  shlj^mant  to 
witti  nace$s«y  {Miorlj^. 
Wr  iaVlta  your  inquirios, 
your  InstaHaHon  k 
dr  smal->-*for  today  or 
toiridiTaw. 


Send  for  Your  FREE  Copy  of 
Our  New  Brochure,  Full  of 

\ Detailed  Information  on  k 
Standard  and  Special  A 
Typea  of  Lingo 
X.  Radiators 


More  people  told  them 
they  would  pay  an  additional  $75 
for  television  than  would  spend  $10 
extra  for  fm,  but  if  they  can  get  fm 
for  $5  the  desire  is  practically 
unanimous. 

Although  only  5  percent  of  the  wt 
owners  expressed  a  real  dissatis¬ 
faction  with  their  receivers,  never¬ 
theless  63  percent  of  the  familie* 
who  own  three  sets  indicated  that 
all  were  made  by  different  mann- 
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JQHNI.  UNCO  S  MN,  INC 

tttStBT 

CAMDEN.  NEW  JERSEY 
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UlNAlS 


This  equipment  is  designed  to 
operate  at 

115  V-AC 
60  cycles 

As  a  protection  against  volt¬ 
age  fluctuations  a  CONSTANT 
VOLTAGE  TRANSFORMER  has 
been  built-in  as  a  component 
part  of  this  equipment.  Rated 
performance  will  therefore  be 
maintained  at  all  times,  re¬ 
gardless  of  input  voltage  fluc¬ 
tuations  as  great  as  ±15%. 


IN  CV-Hl 

sricifith- 

UNTIOH^L 

iisiits 


HMr  It  is  less  expensive 
to  provide  built-in  CONSTANT  VOLTAGE 


Jt;  (4) 
ing  con- 
)me  an 
indsome 
growth 
pated. 
lets  has 
tout  the 
’heir  in- 
estimate 


When  you  specify  a  Sola  Constant 
Voltage  Transformer  as  a  built-in 
part  of  your  equipment  there  will  be 
Kveral  components  that  you  can 
write  off  your  cost  sheets.  That’s 
your  first  saving. 

Now,  estimate  the  number  of  an¬ 
ticipated  service  calls  that  would 
result  from  unstable  voltages  during 
your  guarantee  period.  Write  those 
off  too. 

Then — you  can  write  off  some 


sales  expense,  because  equipment 
that  provides  its  own  protection 
against  voltage  sags  and  surges,  and 
maintains  laboratory  efficiency  in  its 
operation  is  easier  to  sell. 

This  Type  12  Sola  Constant 
Voltage  Transformer,  is  one  of  several 
small,  compact  units  that  have  been 
designed  specifically  for  chassis 
mounting.  They  are  being  success¬ 
fully  used  by  manufacturers  of  many 
types  of  electrical  and  electronic 


equipment.  Where  volume  is  indi¬ 
cated  their  cost  is  surprisingly  low. 

If  unstable  voltages  have  been  a 
problem  in  war-time  imagine  what 
will  happen  when  all  of  the  much 
publicized  electrical  and  electronic 
gadgets  make  their  appearance  on  a 
peace-time  market. 

Consultation  with  our  engineers 
now  may  give  you  the  competitive 
advantage  you  are  seeking  for  your 
peace-time  sales. 


rs  after 
Id  then 
3nal  $75 
pend  $10 
n  get  fn 
•acticaDy 


To  Monufoerurors; 

Built’in  voltage  control  guaran¬ 
tees  the  voltage  called  for  on  your 
label.  Consult  our  engineers  on 
details  of  design  specifications. 

AskforBulloHn  OCV-102 


)f  the  set 
dissatis- 
8,  never- 
families 
ited  that 
[t  mann- 


^ewsfermart  fori  Constant  Voltage  •  Cold  Cathode  Lighting  •  Mercury  Lamps  •  Series  Lighting  •  Fluorescent  Lighting  •  X-Roy  Equipment  •  Luminous  Tube  Signs 
tNlomer  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  Door  Belis  and  Chimes  •  etc.  SOLA  ILICTRIC  CO.,  2S2S  Clybowrn  Avo.,  Chicago  14,  IH. 
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facturers.  Push-button  tuning  U 
fairly  popular.  Of  the  31  percent 
of  the  respondees  having  the  fea¬ 
ture,  three-quarters  like  it  while 
the  rest  of  them  report  unsatisfa^ 
tory  service.  Popularity  ratings 
among  the  particular  group  sur¬ 
veyed  indicate  brand  preferences  in 
the  following  order:  Philco,  RCA, 
Zenith,  Emerson,  Silvertone,  Gen¬ 
eral  Electric,  Crosley,  Majestic,  Air 
Line  and  Stewart  Warner. 


Tube  Standardization 

Transmitting,  receiving,  indus¬ 
trial,  and  non-industrial  tubes  will 
be  standardized  through  the  activi¬ 
ties  of  JETEC  (Joint  Electron 
Tube  Engineering  Council).  This 
agency  is  established  in  cooperation 
by  RMA  and  NEMA.  Present  tube, 
standards  will  not  be  affected.  Four 
members  will  comprise  the  engi¬ 
neering  council,  two  each  of  which 
will  be  from  RMA  and  NEMA 
Members  are:  0.  W.  Pike,  General 
Electric,  chairman ;  J.  R.  Steen,  Syl- 
vania  Electric  Products;  A.  Sea- 
nuke,  Amperex  Electronic  Corp.; 
and  D.  D.  Knowles,  Westinghouse. 
Dr.  W.  R.  G.  Baker,  GE  and  RMA, 
and  A.  C.  Streamer,  Westinghouse 
and  NEMA,  will  be  a  policy  com¬ 
mittee  to  operate  through  the  RMA 
Data  Bureau. 


Single  shaft  passes 
through  and  locks 
with  rotdr  oi  each 
unit. 


Watts  to  Do  About  It 

Broadcast  stations  have  been 
asked  to  support  the  building  fund 
campaign  of  IRE  by  keying  their 
contributions  to  the  power  of  their 
transmitters.  Radio  stations  operat¬ 
ing  under  750  watts  are  asked  to 
contribute  10  cents  for  each  watt 
radiated,  while  stations  over  750 
watts  are  only  called  upon  for  5 
cents  per  watt. 

Postwar  Microwaves 

Television,  walkie-talkie,  plane-to- 
plane,  vehicle-to-yehicle,  commercial 
radar  and  relay-link  communication 
are  only  a  few  of  the  possible  uses 
to  which  the  transmission  and  re¬ 
ception  of  microwaves  will  be  put 
as  soon  as  the  war  is  over,  in  the 
opinion  of  Dr.  W.  W.  Hansen,  re¬ 
search  engineer  for  the  Sperry 
Gyroscope  Co.,  who  addressed  mem¬ 
bers  of  the  IRE  in  Rochester  re¬ 
cently. 

He  gives  three  reasons  for  this 

feeling:  (1)  Theoretically,  at  least, 


Each  unit  can  be 
wound  to  precise  cir¬ 
cuit  requirements,  as 
to  resistance,  taper, 
tap,  hop-off. 


Interlocking  resist¬ 
ance  ratios  provide 
any  desired  voltage 
or  current  at  given 
degree  of  rotation. 


it  For  three  or  more  controls  in  tandem,  Clarostat 
Type  42  is  the  logical  choice.  The  bakelite  cases  of 
these  rheostats  or  potentiometers  nest  and  lock  to¬ 
gether  for  a  virtually  solid  casing.  Metal  end  plates 
and  tie  rods  insure  a  rigid  assembly— even  up  to  20 
units  in  tandem.  This  unit  is  the  solution  to  your 
multiple-circuit  control.  Back-lash  is  completely 
eliminated.  And  it  is  typical  of  that  Clarostat  "know¬ 
how"  which  provides  the  answers  to  all  your  resis¬ 
tor,  control  or  resistance-device  problems. 


Note  dual  unit  with 
screw-driver  adjust¬ 
ment.  Such  assem¬ 
blies  are  serving  in 
the  most  intricate 
electronic  assemblies. 


it  Submit  your  problem! 


ELECTRONICS 


Sickles  “Submersible 


They  are  hermetically-sealed  with  wide  soldered  joints  in  sturdy  deep^ 
drawn  zinc  “hulls.”  They  are  equipped  with  fused  metal-to-glass 
bushings.  All  adjustments  are  under  rugged  “hatches”  that  are  sealed 
with  Neoprene  gaskets. 


Permanent  efficiency  is  sealed  IN  — 
harmful  elements  are  sealed  OUT 


Flexibility  is  practically  unlimited.  Tell  us  your  needs,  give  us  plenty 
of  room  and  we  can  produce  a  “Submersible”  R.  F.  Component  that 
once  installed  can  be  forgotten. 


For  best  in  circuit  components,  specify  Sickles 


THE  F.  W.  SiaiES  COMPANY 


CHICOPEE,  MASSACHUSEHS 
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^  Ttew  INDUSTRIAL  USES 


Laminated  wire  can  be  shaped  for  any  industrial  use,  has  applica* 
tion  in  many  types  of  instruments  and  in  any  apparatus  where  corrosion 
must  be  prevented. 

Typical  uses  include  electrical.contact  strips,  formed  plated  springs,  , 
low  cost  electric  wire  (silver-coated  steel),  radio  electronic  parts  .  .  • 
where  expansion  must  be  held  to  a  minimum  (silver  on  invar)  ...  or 
any  project  where  electrical  superiority,  durability,  or  corrosion  resist¬ 
ance  is  important. 

Gold,  silver,  platinum  and  palladium  or  special  precious  metal 
alloys  lam.inated  to  base  metal  have  made  these  things  possible  .  .  . 

•  Th*  datirable  •lectrical,  mAchenical  or  chomical  c|iKilifio«  of  tho  procioos 
motols  have  boon  oddod  fo  tbo  strongth  or  otbor  dosiroblo  proportlos 
of  boso  motols,  procisoly  whoro  and  os  roqoirod. 

•  Proclous  motol  proportios  of  corrosion  rosistonco,  oloctrlcol  suporlority# 
and  durability  aro  obtalnod  without  solid  proclous  motol  costs. 

•  Uniform  malntonanco  of  lamination  ratios  with  no  porosity,  pit  marks 
or  dofocts. 

•  Floor,  moro  lostinp  finishos  thon  aro  othorwiso  obtainablo  in  boso 
motols. 

To  assist  you  in  the  application  of  our  products  to  your  products  we 
are  maintaining  a  staff  of  thoroughly  experienced  metallurgists,  chem¬ 
ists,  designers  and  consultants  ...  an  up-to-date  research  and  testing 
laboratory  . . .  and  a  splendidly  equipped  tool  room.  These  are  all  at 
your  service  to  cooperate  with  your  own  staff  to  the  full  extent  of  our 
facilities. 

Your  inquiries  are  cordially  invited.  Ask,  too,  for  a  copy  of  our  new 
folder. 


PRODUCTS 


TUMINO  •  SOLDtMS 
FAlJtfCATfD  PARTS  AMO  ASSSMRtliS 


D.  E.  MAKEPEACE  COMPANY 


Mam  Oflice  and  Plant.  ATTLEBORO  MASS  New  York  Office,  30  Church  St 


two  or  three  million  stations  can; 
operate  simultaneously  and  in  the  \ 
same  neighborhood  without  inter, 
ference ;  (2)  Passage  of  signals  be. 
tween  transmitter  and  receiver  can 
often  be  accomplished  with  less  at¬ 
tenuation  than  is  possible  with 
longer  wavelengths;  and  (8)  The 
small  physical  size  of  a  wavelengtl^, 
makes  it  economic  and  practicabl|’ 
to  manufacture  equipment  larget 
than  several  wavelengths  in  size-r> 
necessary  for  relaying  and  pro«j> 
jected  new  methods  of  private  corn^i 
munication.  f 

: 

Receiver  Licensees 

Companies  planning  to  produce- 
radio  receivers  after  the  war,  and^ 
therefore  having  arranged  licensed^ 
with  Radio  Corp.  of  America,  in-| 
elude:  Bendix  Aviation  Corp.,  New: 
York;  Lear  Inc.,  Piqua,  Ohio;  ARF 
Products,  River  Forest,  Ill.;  Medeo' 
Mfg.  Co.,  New  York;  Whiting  4' 
Davis  Corp.,  Plainville,  Mass. ;  Con¬ 
cert  Master  Radio  &  Television  Co., 
Chicago;  and  Ranger  Electronic  4 
Mfg.  Corp,,  New  York. 

Postwar  Television 
Receivers  ' 

Radio  Corp.  of  America  and  Na¬ 
tional  Broadcasting  Co.  recently 
demonstrated  an  advance  develop¬ 
ment  model  of  the  Schmidt-system 


Lorguacreen  tuluTlslon  rucuivur  ol 
Tonce  developmunt  type  demonstiobd 
in  New  York  recently.  Pictiue  ii  16  s 
21Vk  hu.  ond  appean  on  o  treotod 
plastic  Tiewing  screen 

reflecting-type  televison  receiver 
described  in  Electronics,  Decem¬ 
ber  1944. 

Audience  reaction  to  the  demon¬ 
stration  was  universally  good.  Pic¬ 
tures,  which  came  from  the  studio 
by  wire  line,  were  clear  and  had  a 
bluish  tone.  The  standard  525 
lines  were  used  and  the  screen  was 
16  X  21i  in. 

Besides  the  reflective  optical  sys- 
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Here's  one  of  the  secrets  of  the  higher  fidelity  in 
Weatinghouse  5  and  lOkw  transmitters:  it's  called 
equalized  audio  feedback  (see  drawing)  and  it's  an 
outstanding  contribution  to  higher  signal  fidelity. 

Equalized  audio  feedback  strengthens  the  edready 
lugh  hdehty  of  the  audio  and  modulation  circuits  in 
Weatinghouse  transmitters,  and  reduces  audio  dis¬ 
tortion  to  even  lower  limits.  The  system  is  independent 
of  any  variation  in  rectified  antenna  output. 

Control-simplicity,  economy  and  high  fidelity  are 
natural  partners  of  the  solid  dependability  you  find  in 
the  complete  line  of  Westinghoxise  transmitters  ...  5, 
10  and  50kw  AM  and  1,  3,  10  and  50kw  FM.  Your 
nearest  Westinghouse  office  has  all  the  facts  on  these 
newest  achievements  in  faithful  transmitter  operation 
designed  by  Westinghouse  .  .  .  the  oldest  name  in 
broadcasting.  Westinghouse  Electric  &  Manufacturing 
Company,  P.  O.  Box  868,  Pittsburgh  30,  Pa.  J.08110 

UV-RADIO’S  25TH  ANNIVERSARY— KDKA 


Easy  opeiation  is  another  keynote  of  the  smartly-styled 
Westinghouse  5kw  transmitter  .  .  .  one  master  svritch  puts 
the  transmitter  on  the  air  and  cuts  off  power  at  close  of 
broadcast  day.  Controls  reset  automatically  whenever  over¬ 
loads  occur  in  any  circuit  f^  any  reason. 
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tern  and  plastic  correction  lens,  dte 
unit  features  a  built-in  translucent 
plastic  viewing  screen;  an  auto-^ 
matic  frequency  control  systeni 
which  virtually  eliminates  picture 
distortion  caused  by  interference 
from  noise  impulses;  and  a  new 
27,000-volt  cathode-ray  tube.  When 
put  in  production,  RCA-Victor  ex¬ 
pects  to  market  the  receiver  for 
$395. 


Radar  Traffic  Control 


Ultimately,  in  the  opinion  of  Wil¬ 
liam  P.  Lear,  Lear  Inc.,  aircraft  and 
ship  traffic  will  be  controlled  by  ra¬ 
dar  systems.  Speaking  before  the 
Aviation  Writers'  Association  in 
New  York  recently,  he  suggesti^ 
that  an  aircraft  control  tower  mirfl 
be  equipped  with  a  cathode-ray  tubs 
several  feet  in  diameter  with  spot 
indications  for  all  the  airborne  air¬ 
craft  within  the  traffic  area  in¬ 
volved.  . 

This  indicator  would  be  such  u 
to  reveal  the  position  of  planes  up 
to  a  5,000-ft.  altitude  and  with* 
a  hundred  mile  radius. 

From  the  point  of  view  of  the 
private  flyer,  other,  more  immediate 
developments  described  by  Mr. 
include  a  system  of  omni-directioail 
ranges  that  makes  it  possible  for  a 
pilot  to  determine  for  himself  the 
necessary  angle  to  approach  a  given 
point.  Such  a  unit  is  better  than 
a  direction  finder  since  the  pilot  can 
make  his  correction  for  wind-drift 
to  avoid  flying  a  parabola-shaped 
course.  This  system  has  been  made 


Other  membera  of  WCEMA  (West  Coo* 
Electronic  Monufacturera'  Associotioe) 
look  on  os  H.  L.  Hoffmem  (HofinA 
Radio  Corp.,  Loi  Angeles)  left,  shoksa 
hands  with  Bud  Bone  (Technical  R<tdls>^ 
Son  Francisco).  Mr.  Hoffman  is  retiriaV 
os  president  to  be  succeeded  by  Mt* 
Bane.  '  Other  officers  include  Htik| 
Becker  (Eitel-McCullough,  Inc.,  SoS'^ 
Bruno)  as  secretary  and  lames  L 
Fouch  (UniTersal  Microphone  Co.,  In^ 
wobd)  as  treasurer. 
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Headquarters  for 
SPECIAL  Crystals' 


The  men  of  The  James  Keighta  Company  have  been 
designing  and  making  special  precision  crystals 
since  i9I2.  Their  extensive  experience  with  crystals 
for  every  conceivable  purpose,  coupled  with  on  active 
participation  in  Radio  dating  back  to  1913,  is  avail¬ 
able  to  you.  These  men  are  interested  in  your  special 
crystal  problems  —  they  hove  the  knowledge,  equip¬ 
ment  and  research  facilities  to  help  you.  Why  net  get 
them  working  on- your  special  crystal  problem  today? 


I 


UNIVERSAL’S  NEW  D-20  MICROPHONE 


The  stage  was  set  for  something  new  and  here  it  is.  Universal  s  new  D-20 
Microphone . . .  soon  on  your  radio  parts  jobbers'  shelves  to  fill  your  essen¬ 
tial  requirements . . .  uses  Universal’s  “Dynoid”  construction ...  A  dynamic 
microphone  of  conventional  characteristics  built  to  fill  the  utility  require¬ 
ments  of  war  time  plus  advance  styling  of  the  many  modem  tilings  to 
come.  Orders  placed  now  with  your  Radio  Parts  Jobbers  will  assure  early 
delivery  when  priority  regulations  are  relaxed. 


_  _ _ Write  for  Bulletin  1438  covering  this  new  microphone 


<  FREE  —  History  of  Communications  Picture  Portfolio.  Contains 
over  a  dozen  11"  x  14"  pictures  suitable  for  office,  den  or  hobby 
room.  Write  factory  for  your  Portfolio  today. 


i(J 

■■ 

UNIVERSAL  MICROPHONE  COMPANY 

I 

INGLEWOOD.  CALIFORNIA 

DIVISION;  301  CLAY  STMiT.  SAN  RANCISCO  11,  CALIFORNIA  CANADIAN  OlVISIOMi  SM  KINO  SnUT  WICT,  TORONTO  I.  ONTARIO,  CANADA 
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Microwave  Relay  System 

Spanning  the  highest  mountain 
peaks  from  Mount  Adams  in  Warii- 
ington  to  Mount  Whitney  in  South¬ 
ern  California,'  a  projected  Went 
Coast  installation  of  television 
broadcasting  chain  facilities  is 
described  by  Raytheon  Mfg.  Co., 
which  has  filed  application  with 
FCC  for  experimental  frequencies. 

The  so-called  “Sky-top”  chain 
will  involve  building  on  the  sum- 


possible  by  use  of  vhf  and  is  not 
feasible  on  medium  frequencies. 

Another  piece  of  equipment  very 
much  needed  by  private  filers  is  a 
small,  light,  inexpensive  automatic 
pilot.  This  is  because  the  neces¬ 
sary  combination  of  piloting  and 
navigational  duties  keep  a  solo  flier 
on  a  cross-country  hop  very  busy 
and  allow  little  relaxation  en  route. 
It  is  the  intention  of  Mr.  Lear's 
company  to  supply  such  equipment 
in  the  postwar  period. 

Ten  carloads  of  radar  apparatus 
loaned  by  the  Army  and  Navy  are 
being  used  in  the  CAA  Experi¬ 
mental  Station  at  Indianapolis  to 
conduct  a  series  of  tests  aimed  at 
the  attainment  of  radar  traffic  con¬ 
trol  similar  to  that  described  by  Mr. 
Lear.  Two  specific  objectives  are 
perfection  of  a  screening  device 
which  will  permit  the  tower  con¬ 
troller  to  visualize  the  actual 
positions  of  all  aircraft  within  a 
radius  of  approximately  26  miles 
and  a  collision  warning  device  to 
be  installed  on  the  instrument  panel 
of  the  plane,  which  would  give  con¬ 
stant  visual  indication  of  the  rela¬ 
tive  position  of  other  aircraft 
within  a  certain  radius. 


MOSSMAN  SERIES  6300  HEAVY  DUTY  TURN  SWITCH 
Permits  Almost  Unlimited  Circuit  Arrangements 

Latest  development  in  the  Mossman  line  of  precision  heavy  duty  multiple  circuit  turn  switches 
is  the  Series  6300  ...  a  big,  husky  switch  for  panel  mounting  that  permits  a  most  versatile 
control  set-up. 

Electrical  and  production  engineers  will  find  this  switch  most  useful  in  such  applications  as: 
Signal  systems,  alarm  systems,  controls  for  machine  tools  and  welding  equipment,  lighting 
systems,  annunciators  and  many  other  types  of  electronic  devices  and  controls. 

The  Series  6300  Mossman  Heavy  Duty  Turn  Switches  are  available  as  either  three  posi¬ 
tion  (Series  6303)  or  two  position  (Series  6302)  switches.  An  almost  unlimited  series  of 
combinations  of  contact  assemblies  may  be  built  up  by  use  of  any  combination  of  the  six 
basic  forms  shown. 

Standard  heavy  duty  contacts  are  of  3/16"  diameter  6ne  silver,  rated  at  10  amperes, 

110  volts  A.C.,  non-inductive.  Extra  heavy  duty  contacts  are  of  5/16"  silver  alloy  rated  at 
20  amperes,  110  volts  A.C.,  non-inductive.  Breakdown  rating  of  springs  to  ground  is 
2000  volts,  ^C. 

Send  for  complete  information  on  the  new  Series  6300  Mossman  switches.  Also  ask  for 
catalog  which  describes  the  full  line  of  Mossman  precision  electrical  components,  including 
many  types  of  heavy  duty,  multiple  circuit  lever  switches,  turn  switches,  push  switches,  plug 
jacks  and  other  special  switching  components. 

DONALD  P.  MOSSMAN,  INC,  612  N.  Michigan  Av«.,  Chicago  11,  III. 
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ing,  a  microwave  relay  system,  pub¬ 
lic  call  facilities,  highway  control 
systems,  and  police-radio  master 
stations.  Initial  permission  from 
FCC  is  sought  for  experimental  sta¬ 
tions  to  be  erected  on  the  various 
mountain  peaks  shown  in  the  ac¬ 
companying  illustration.  Authority 
has  been  requested  for  initial  tests 
on  30.66,  39.55,  90,  200,  400,  900, 
1,900,  4,000,  6,000,  10,000,  16,000 
and  26,000  Me. 

To  avoid  defacing  the  mountain 
sites,  Raytheon  plans  to  build  all 
facilities,  including  living  quarters 
underground  with  the  only  exposed 
portion  being  the  antenna  systems. 
The  company  announced  that  it 
will  be  in  a  position  to  initiate  the 
first  stage  of  the  West  Coast  cir¬ 
cuit  and  the  first  section  of  the 
Eastern  circuit  during  1945. 

Postwar  Electronic 
Employment 

According  to  the  findings  of  a 
survey  made  by  the  employment  and 
personnel,  committee  of  RMA,  the 
industry  has  a  total  current  em¬ 
ployment  of  277,660  employees. 
This  includes  36,374  former  em¬ 
ployees  in  the  armed  services.  Re¬ 
sults  also  reveal  prospective  post¬ 
war  employment  of  145,266.  Fig¬ 
ures  are  compiled  from  estimates 
of  202  companies,  representing  64.9 
percent  of  the  industry,  including 
the  largest  and  virtually  all  sub¬ 
stantial  manufacturers. 

It  was  estimated  that  23.6  per¬ 
cent  of  the  men  and  27.9  percent  of 
the  women  presently  employed  in 
the  industry  will  not  seek  work 
there  for  various  reasons,  postwar 
and  that  28.5  percent  of  the  present 
employees  will  be  forced  to  seek 
employment  in  other  fields. 

Kingdom  for  a  Tube 

Bell  Telephone  Laboratories  re¬ 
cently  came  through  with  1,000 
special  tubes  like  the  one  in  the 
illustration  for  use  in  a  telephone 
repeater  station  somewhere  behind 
the  American  lines  on  the  Western 
Front.  When  the  installation  was 
captured  it  was  discovered  that  all 
the  tubes  had  been  removed.  The 
system  had  been  engineered  by  the 
Nazis  but  some  of  the  repeaters  had 
been  built  locally. 

One  of  the  engineers  who  worked 
OD  the  job  was  discovered  and  found 
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Lat  MURDOCK  inganuity  and  axparianca  go  to  work  for 
you.  Though  wa'ra  busy  on  goTammant  work,  wa  hora 
facUllias  to  halo  you  maka  mora  Radio  Phonos  and 
ralotad  ports.  Writa  ns  now. 


To  do  one  thing  cmd  do  it  supremely  well  is  the  lob  of  every 
MURDOCK  craftsman.  It's  that  extra-core  and  attention  in 
manufacture,  assembly  and  inspection  that  results  in  a  war- 
tested  Radio  Phone  of  unequalled  Dependability. 


But  back  of  the  men  and  materials  is  the  engineering  "know 
how"  of  over  40  years'  experience  in  serving  peace-time  and 
war-time  America.  War-sharpened  techniques  and  exacting 
methods  will  continue  to  make  MURDOCK  Radio  Phones  the 
No.  1  listening  favorite  when  Victory  is  won. 


Find  out  today  how  MURDOCK  "War-Tested"  Radio  Phones 
con  fit  into  your  post-war  plans. 


AU  3  M's  ore  here  .  .  .  Men,  Methods,  and  Material  .  .  . 
teamed  together  to  produce  MURDOCK  Radio  Phones — the 
keenest  ears  in  racUo  reception. 


WM.  I.  MURDOCK  CO 


179  Carter  St.,  Chelsea  50,  Mass. 


There  are  3  M5  m 

MURDOCK 

RADIOPHONES 


iquiry 


Th«  nam*  BEST  hat  b««n  atteciated  with 
th«  finMt  in  coils,  trontformart  and  loud 
spoakart  sine*  the  days  of  radio's  infancy. 
Illustratod  ar«  but  a  f«w  of  th«  many  items 
manufactured  by  BEST  which  required  skill, 
precision  and  efficiency.  Because  of  the 
experience  gained  throughout  the  years, 
BEST  hot  been  able  to  meet  the  ever  grow¬ 
ing  demands  of  this  industry  for  greater 
quality,  durability  and  quantity  production. 


Our  modurn  production  facili¬ 
ties  are  now  available  for  the 
quantity  production  of  coils 
and  transformers  of  all  types. 
Your  inquiry  will  receive  our 
immediate  attention. 


1200  GROVE  STREET  •  IRVINGTON  11,  N.  J. 
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WILL  DESIGN,  FABRICATE 
AND  ERECT 


From  your  Specifications 

Ri  AW.RMny 


The  Latest  Development  in 

VERTICAL  RADIATORS 

and  Towers  for 

FM  and  TELEVISION 
ANTENNAE 

Station  Engineers  take  a  load 
o£f  their  shoulders  when  their 
antenna  problem  is  turned  over 
to  Blaw'Knox.  Specifications 
are  completed  under  one  re¬ 
sponsibility.  The  job  is  not 
done  until  the  tower  is  up, 
tested  and  approved. 

BLAW-KNOX  DIVISION 

of  Blaw-Knox  Company 

2077  Fanners  Bank  Bldg. 
Pittsburgh  Penna; 


capaoie  of  supplying  some  of  the 
electrical  characteristics  of  the 
badly  needed  tubes  and  eventually 
a  single  sample  tube  was  found. 
The  tube  and  the  notes  were  rushed 
to  New  York  and  to  the  electronics 
department  of  the  Laboratories. 
Electrical  tests  showed  that  there 
was  no  American  telephone  re¬ 
peater  tube  suitable  for  substitu¬ 
tion  but  that,  with  the  exception 
of  one  grid  and  a  base,  a  tube  could 


be  built  up  from  parts  of  various 
existing  units.  Special  grid  produc¬ 
tion  was  started,*  various  machines 
were  modified  to  suit  the  circum¬ 
stances,  and  within  three  days  eight 
tubes  with  handmade  bases  were 
on  their  way.  Without  waiting  to 
hear  the  results  from  the  proto¬ 
types,  production  was  pushed  along 
and  on  the  seventeenth  day  the 
thousandth  tube  was  waiting  for 
shipment.  PS,  they  worked  all 
right. 

Resistance  Welding  Prizes 

Announced  by  RWMA  (Resist¬ 
ance  Welder  Manufacturers  Asso¬ 
ciation)  is  this  year's  prize  contest 
to  encourage  the  preparation  of 
outstanding  papers  on  resistance 
welding  subjects.  The  scope  of 
former  contests  has  been  increased, 
bringing  the  total  amount  of  the 
awards  up  to  $1,000.  Additional 
information  can  be  obtained  from 
Harold  S.  Card,  educational  direc¬ 
tor,  RWMA,  Citizens  Building, 
Cleveland  14,  Ohio. 

Technical  Oscars 

Awards  by  the  Research  Council 
of  the  Academy  of  Motion  Picture 
Arts  and  Sciences  have  been  an¬ 
nounced  for  scientific  or  technical 
achievements  during  1944.  No 
award  was  made  in  Class  I— the 
statuette  corresponding  to  the  fa¬ 
miliar  Oscars  given  to  star  perform¬ 
ers. 

A  single  Class  II  or  plaque  award 
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SECO’S  "POSITIONER”  will  enable  you  to  remotely  and  accurately  set  the 
output  voltage  of  a  POWERSTAT  variable  transformer.  Control  wires  between 
the  "POSITIONER”  and  the  motor  operated  POWERSTAT  serve  as^n  “elec¬ 
trical  flexible  shaft”.  This  type  of  coupling  means  servo  operaton  of  the 
POWERSTAT  variable  transformer  from  a  remotely  located  control  dial. 


Manual,  automatic  or  program  selection  of  any  one  of  a 
number  of  controls,  makes  for  easy  utilization  of  the 
POWERSTAT  at  any  voltage  or  power  level.  The  inherent 
accuracy  of  the  control  circuit  makes  it  possible  to  return 
to  preset  levels  with  negligible  error. 
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SUPERIOR  ELECTRIC  COMPANY 

404  LAUREL  STREET  •  BRISTOL,  CONNECTICUT 
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For  maximum  utilization  of  your  equipment  investigate  the 
SECO  "POSITIONER"  and  POWERSTAT  Variable  Transformer 
combination  for... dielectric  and  induction  heating,  infra* 
red  drying,  photographic  applications,  and  vacuum  tube 
manufacture.  Only  SECO  offers  the  motor*driven  POWER* 
ST  AT  Variable  Transformer  with  SERVO  control.  SECO’S  en* 
gineering  staff  will  be  pleased  to  assist  with  your  applications. 


Send  for 
Bulletins  LE 
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was  made  to  Stephen  Dunn  and  the 
RKO  Radio  Sound  Department  for 
design,  and  to  Radio  Corp.  of  Amer¬ 
ica  for  additional  development  of 
the  electronic  compressor-limiter,  a 
variable  gain  amplifier,  the  design 
of  which  is  based  on  the  logarith¬ 
mic  characteristics  of  hearing.  Use 
of  the  compressor-limiter  in  a  re¬ 
cording  system  is  described  as  pro¬ 
viding  automatic  control  of  inten¬ 
sity  ratios  and  permitting  the  re¬ 
production  of  sound,  particularly 
speech,  without  exaggerated  and 
unnatural  volume  surges.  Intelli¬ 
gibility  is  increased. 

Class  III  Awards  consist  of  hon¬ 
orable  mention  in  the  report  of  the 
Research  Council.  Among  others, 
such  awards  were  given  to  Western 
Electric  Co.  for  the  design  and  con¬ 
struction  of  a  limiting  amplifier  for 
variable-density  sound  recording; 
to  Radio  Corp.  of  America  and  the 
RKO  Radio  Sound  Department  for 
design  and  construction  of  a  re¬ 
verberation  chamber;  and  to  Daniel 
J.  Bloomberg  and  the  Republic 
Sound  Department  for  the  design 
and  development  of  a  six-pole  six- 
position  switch  for  use  in  selsyn  in¬ 
terlock  systems.  These  eliminate 
the  usual  multiple  patching  plugs 
and  cable  connections  which  pre¬ 
vail  throughout  the  industry. 


•  The  Industrial  Condenser 
Corporation  manufactures  a 
complete  line  of  Oil -filled. 
Electrolytic, Wax  and  Special 
Mica  Capacitors  for  all  in*  | 

dustrial,  communications  ^ 

and  signalling  applications 
up  to  250,000  volts  working. 
Complete  laboratory  and 
engineering  facilities  avail¬ 
able  for  solution  and  design 
of  capacitor  problems  for 
special  applications. 

i  An  Industrial  Condenser  for 

i  ovary  Industrial  application. 


.5  MFD.  50,000  VOLTS 
DC  WORKING 

(Illustrated  above)... 28  inches 
high,  weight  175  i>ounds,  built  by 
Industrial  Condenser  Corpora¬ 
tion  to  meetHavy  speciiicotions. 
Oil-filled,  oil  impregnated.  Built 
for  24  hour  continuous  operation 
and  total  tubmersion  in  ealt 


Trial  Radio  Relay 

Seven  relay  stations  between  the 
terminals  of  the  New  York-Boston 
radio  relay  project  are  the  subject 
of  a  new  application  filed  with  FCC 
by  American  Telephone  &  Tele¬ 
graph  Co.  Purpose  of  the  proposed 
trial  is  to  determine  in  practical 
operation  the  relative  efficiency  and 
economy  of  radio  relay  for  trans¬ 
mission  of  long  distance  telephone 
messages  and  also  of  sound  and 
television  programs,  as  compared 
with  wire  lines. 

Sites  for  the  relay  stations  shown 
on  the  accompanying  map  were 


CONDENSER 

CORPORATION 

32-13-65  NORTH  CALIFORNIA  AVE.,  CHICAGO  1 


Listen!  That's  your  own  voice  you  hear.  Or 
a  radio  program  caught  and  recorded  straight 
from  the  air.  Or  maybe  a  program  produced 
by  your  own  youngsters. 


countless  sensationol  applications.  Think  of  a 
dictating  machine  with  no  records  to  break  or 
keep  shaved— and  business  conferences,  meet¬ 
ings,  telephone  conversations  kept  precisely 
and  permanently  for  future  referetKe. 

No  one  hat  yet  begun  to  explore  the  Ml  realm  1 

of  possibilities  that  lie  in  Lear  Wire  Recording.  i 

But  to  give  you  a  glimpse  of  how  it  A 

works  and  a  few  of  the  ways  it  can 
be  used,  Lear  hat  prepared  a  free  ' 
booklet  of  questions  and  answers. 

Would  you  like  one?  Just  drop  us  a 
M—ar  mail  the  coupon  below. 


LEAR  RADIO 


Grand  ltopKI.2iMlchlgo, 

Radla  Sal...  330  t  OUa  SI.  CUcasa 


”  LIAR,  Incorporotad 
I  Horn*  Radio  Solos  Division, 

I  230  East  Ohio  Stroot,  CMrago  It,  Illinois. 
.  Cond—o n> 

I  Msoso  sand  mo  yoor  froo  booklet  on  Wiro 

IRoeordinq  oRmrod  in  Loot  national  maga- 
Pno  advorfUng. 


I  IndMdual. 
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Preview  of  Lear’s  next  National  Advertisement 


Here  you  see  the  next  advertisement  in  the 
Lear  advertising  campaign  on  wire  recording 
and  home  radios.  It  is  going  to  appear  in: 

CoBler’t,  Aug.  Illh  •  Fortune,  June 
Uberty,  June  10th  •  Atkedk,  June 
New  Yorker,  Akay  26th 
New  York  Tmet  Magaxine,  May  6th 


This  means  that  5,400,000  regular  readers 
of  these  magazines,  their  families  and  friends, 
will  see  again  the  advantages  of  owning  a 
Lear  Home  Radio  with  wire  recording.  ’ 

If  you  want  to  be  able  to  offer  Lear  Radios 
with  wire  recording,  write  for  information  on 
the  Lear  Franchise. 


over 


ERCO  RADIO  LABORATORIES ; 

HEMPSTEAD,  NEW  YORK 

f^anuiaciurers  of  CUSTOM  BUILT  RADIO  APPARATUS 


An  addition  to  the  popular  32  scries  of  fixed  frequency 
crystal  controlled  receivers,  the  new  32-E  is  intended  for 
exacting  VHF  applications  in  the  range  of  100  to  160  MC. 
Equipped  with  carrier  operated  audio  gate  and  automatic 
noise  suppressor.  Selectivity  pass  band  X2=60KC  wide, 
X10=90KC  wide  and  X100=120KC  wide.  Components 
are  designed  for  continuous  operation  during  wide  va¬ 
riations  of  ambient  temperature  and  humidity.  Panel 
mounted ;  8^  inch  relay  rack  panel. 

The  type  UHC  coaxial  half  wave  dipole  antenna  can  be 
supplied  for  operation  on  any  desired  frequency  between 
30  and  500  MC.  Sound  engineering,  backed  by  seven  years 
of  experience,  arc  incorporated  in  this  new  model.  Will 
withstand  winds  of  high  velocity  and  serious  icing  condi¬ 
tions.  This  antenna  may  be  obtained  in  stacked  colinear 
s  for  securing  added  transmitter,  and  receiver  gain 
a  360  degree  area.  Inquiries  are  invited. 


chosen  for  their  elevation  and  faett- 
ities  will  be  provided  at  the  seven 
points  to  house  transmitting  and 
receiving  apparatus.  Field  work 
during  the  coming  year  is  expected 
to  include  building  of  roadways  up 
to  the  hillsides  to  the  relay  station 
sites  and  similar  preparatory  work. 
Eight  channel  assignments  are 
being  asked — each  20  Me  wide 
—near  2,000,  4,000  and  12,000  Me. 

If  the  experimental  facilities 
prove  as  satisfactory  as  company 
engineers  expect,  apparatus  will  be 
standardized  in  order  that  the  BeU 
System  may  be  prepared  to  instaU 
similar  systems  throughout  the 
country  as  the  need  develops. 

Ten  Join  RMA 

New  RMA  member  companies  in¬ 
clude  American  Coil  &  Engineering 
Co.,  Chicago;  Chicago  Condenser 
Corp.,  Chicago;  Electrical  React¬ 
ance  Corp.  Franklinville,  N.  Y.; 
Jackson  Industries,  Chicago;  Meas¬ 
urements  Corp.,  Boonton,  N.  J.; 
Minerva  Corp.  of  America,  New 
York;  J.  P.  Seeburg  Corp.,  Chicago; 
Sherron  Electronics  Co.,  Brooklyn, 
N.  Y.;  U.  S.  Television  Mfg.  Corp., 
New  York;  and  the  Zell  Co.,  New 
York. 

NAB  Grows 

According  to  figures  recently  re¬ 
leased,  National  Association  of 
Broadcasters  now  has  654  active 
members  and  87  associate  members, 
or  a  total  of  691.  Active  member¬ 
ship  includes  635  a-m  stations,  16 
f-m  stations,  1  television  station, 
and  2  networks. 

Recent  activities  within  the  asso¬ 
ciation  include  the  nomination  of 
a  number  of  individuals  to  be  di* 
rectors-at-large.  Under  each  of  the 
following  classifications  two  dire^ 
tors  are  to  be  chosen:  Large  sta¬ 
tions — W,  H.  Summerville,  WWL. 
New  Orleans,  La. ;  J.  Leonard 
Reinsch,  WSB,  Atlanta,  Ga.;  J.  0. 
Maland,  WHO,  Des  Moines,  Iowa; 
Lee  B.  Wailes,  KYW,  Philadelphia, 
Pa. ;  Paul  W.  Morency,  WTIC,  Hart¬ 
ford,  Conn. — Medium  stations— -p- 
Richard  Shafto,  WIS,  Columbia, 
S.  C. ;  T.  A.  M.  Craven,  WOL,  Wash¬ 
ington,  D.  C.;  Robert  E.  Priebe, 
KRSC,  Seattle,  Wash.;  Clarence  T. 
Hagman,  WTCN,  Minneapolis, 
Minn.;  E.  E.  HiU,  WTAG,  Wor¬ 
cester,  Mass. ;  F.  M.  Doolittle, 
WDRC,  Hartford,  Conn.;  George 
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MAY  DO  IT  BETTER 


This  is  the  second  in  a  series  of  four  advertisements 
discussing  the  four  major  functions  of  permanent  magnets 


MECHANICAL  ENERGY 
from 

ELECTRIC  CURRENT 
through 

PERMANENT  MAGNETS 

The  electric  motor  demonstrates  how  mechanical 
motion  can  be  produced  by  the  passage  of  an 
electric  current  with  respect  to  a  magnetic  field 
set  up  by  permanent  magnets.  Industry  and 
science  are  making  many  profitable  uses  of  this 
principle. 

Mechanical  energy  may  be  transmitted  to  elec¬ 
trons  moving  in  space  to  cause  them  to  take  a 
desired  direction.  A  permanent  magnet  has  been 
used,  for  example,  to  change  the  path  of  a  cosmic 
ray  in  a  cloud  chamber.  X-rays  may  be  simi¬ 
larly  directed;  or  the  path  of  electrons  in  a  mag¬ 
netron  tube  can  be  changed. 

The  permanent  magnet  may  be  used  as  a  polar¬ 
izing  agent,  remaining  stationary  while  mechan¬ 
ical  motion  is  obtained  by  varying  the  magnetic 
field  through  variations  in  the  applied  electrical 
energy.  Telephone  receivers,  magnetic  recording 
heads,  polarized  relays,  armature-type  loud  speakers, 
and  some  kinds  of  vibrators  employ  this  principle. 

For  specific  applications  of  permanent  magnets 
to  your  problems  of  product  improvement,  con¬ 
sult  our  engineers.  For  35  years  we  have  special¬ 
ized  in  the  manufacture  of  permanent  magnets 
and  are  today  the  largest  plant  in  the  world  in 
this  field.  Write  for  copy  of  free  technical  book¬ 
let  :  “Permanent  Magnets  Have  Four  Major  Jobs.” 

THE  INDIANA  STEEL 
PRODUCTS  COMPANY  * 

6  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2,  ILLINOIS 


Spmdaltsts  in  Pamummnt  Magnnfs  Sinem  MO 
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V/re  RiaiARDSON  COMPANY 


M.  Burbach,  KSD,  St.  Louis.  Mo.— 
Small  stations — Dietrich  Dirks, 
KTRI,  Sioux  City,  Iowa;  Frank 
King,  WMBR,  Jacksonville,  Fla.; 
Clair  R.  McCollough,  WGAL,  Lan¬ 
caster,  Pa. ;  Dale  L.  Taylor,  WENY, 
Elmira,  N.  Y.;  Matthew  H.  Bone- 
brake,  KOCY,  Oklahoma  City, 
Okla. ;  and  Marshall  Pengra,  KRNR, 
Roseburg,  Oregon. 

A  special  committee  is  working 
on  the  task  of  selecting  a  president 
to  succeed  Harold  Ryan,  whose 
term  expires  on  July  1  and  who  has 
indicated  his  intention  of  giving  up 
the  office  at  that  time. 


Sound  Reproduction 
Standards 

At  the  request  of  the  Armed 
Forces,  ASA  (American  Standards 
Association)  has  completed  a  group 
of  three  standards  designed  to  as¬ 
sure  high  fidelity  in  film  sound 
reproduction. 

All  these  standards  deal  with  test 
methods  for  16-mm  sound  motion 
picture  prints.  One,  Z52.15,  covers 
a  method  of  making  intermodula¬ 
tion  tests  on  variable  density 
prints ;  the  second,  Z52.39,  describes 
a  method  of  making  cross-modula¬ 
tion  tests  on  Variable  area  prints; 
the  third,  Z52.38,  is  on  a  method 
of  determining  signal  to  noise 
ratio. 

Each  standard  is  divided  into  sec¬ 
tions  covering  scope  and  purpose, 
test  method,  and  test  equipment.  It 
is  planned  to  specify  limits  of  al¬ 
lowable  sound  distortion  as  a  basis 
for  acceptance  or  rejection  of  in¬ 
dividual  prints  as  soon  as  experi¬ 
ence  in  the  use  of  these  tests  is  wide 
enough  to  warrant  setting  up  de¬ 
finite  limits. 


aminated  IHSUROK  T-712 


Melamine  Fiberglass  Laminate — INSUROK  T-712 — is  a  brown 
plastic  product  of  the  type  requested  by  the  Navy  for  all  electrical 
power,  lighting,  interior  communications,  fire  control  and 
other  shipboard  electrical  installations. 


•  Laminated  INSUROK 
T-712  is  superior  to  many 
other  types  of  sheet  insu¬ 
lation  in  fire  and  arc 
resistance.  It  has  reduced 
toxicity  in  the  case  of  un¬ 
avoidable  fires;  does  not 
readily  support  combustion; 
is  higher  in  mechanical  and 
electrical  properties;  lower 
in  expansion  under  heat 
and  moisture,  and  has  high 
tensile  and  compressive 
strengths.  Richardson  Plas- 
'tidans  have  also  developed 
modern  and  economical 
methods  of  fabricating  this 
product.  Write  today  for 
complete  information  on 
Laminated  INSUROK 
Grade  T-712! 


TESTS  OF  FACTORY-RUN  INSUROK  T-712 

Mode  at  Richardson  LabercrtoriM 
lentils  sliingth  '/t'  thicknest 

Unithwits . 4S>00  pil. 

Ontwiss . 37  900  psU 

FIsxursI  strength  Vh*'  Ihicknssi 

Lsngthwiss . S3,700  |kI. 

Croitwlre . 50,400  ptL 

Compnisivs  strength 

Hntwiti  ('A'x'/j'x'/j'') . 97400  psL 

Edgswit#  C/j'x'/j'x'/j') 

Ungthwisc . 29,440  pti. 

Cresswit# . 24,400  psL 

Impact  strength  Izod  msthod  par  inch  of  notch 
Hotwiss  (Vi^xVi*) 

Lingthwist . Grsotsr  thon  33  ft.  lbs. 

Crostwist . 27.4  ft.  Ihs. 

Edgtwite  (Vi'xVi*') 

Lsngthwiss . 18.8  ft.  lbs. 

Crottwits . 14.5  ft.  lbs. 

8ond  strsngth  thicknsss . 1400  lbs. 

Arc  Tsst . 185  ssc 

Moisture  Absorption  Vt"  thicknsss 

24  hours  in  wotsr  at  77*’  F. . 1.84% 

Oislsctric  Constant . .5.45 

Lost  Factor . 0521 

Oislsctric  Strsngth 

Short  Timo . 590  uolts/mil 

Stop  by  Stop . 410  voits/mil 


MEETINGS  TO  COME 

Afril-May;  National  AssodU- 
TiON  OF  Broadcasters,  Annual  Con¬ 
ference.  .  .  .  Cancelled. 


May  2;  Institute  op  Radio  Engi¬ 
neers,  New  York  Section ;  Televis¬ 
ion,  by  P.  I.  Merryman,  director  of 
facilities  development,  NBC;  Engi¬ 
neering  Societies  Building,  New 
York,  N.  Y.;  J.  T.  Cimorelli,  secre¬ 
tary,  Radio  Corp.  of  America, 
HRrrison,  N.  J. 


electronics 


This  fundamental  circuit 
is  the  key  to  -hp-  audio 
esciiiater  efficiency 
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The  resonant  frequency  of  this  net-  work,  provides  an  extremely  stable 
work  is  inversely  proportional  to  the  output  frequency.  See  Figure  1. 

?roduct  of  resistance  and  capacity. 

bus  wide  change  in  resonant  fre* 
quency  is  practical  with  commer¬ 
cially  available  condensers.  A  decade 
gang  switch  to  change  resistances 
enables  operator  to  cover  a  wide 
nn^e  in  the  easiest  possible  manner. 

This  circuit  is  the  basic  reason 
why  -hp-  Resistance-Tuned  Audio 
Oscillators  are  so  easy  to  use. 

This  resistance-capacity  network 
is  operated  in  conjunction  with  a 


•hp-  Resistance-Tuned 
AUDIO  OSCILLATORS 
cover  a  wide  range 
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•ftp-  Mo«l«l  200-A 

Frequency  range,  35  cps  to  35  kc. 
In  3  ranges:  35  to  350  cps,  350  to 
3500  cps,  3500  cps  to  35  kc. 


•ftp-  Modal  200-1 

Frequency  range,  20  cps  to  20  kc. 
ln,3  ranges:  20  to  200  cps,  200  to 
2000  cps,  2000  cps  to  20  kc. 


FIGURE  2 

The  unique  balancing  circuit 
automatically  selects  the  proper 
keeps  distortion  at 
1  main- 


•ftp.  Modal  200-C 

Frequency  range,  20  cps  to  200  kc. 
In  4  ranges:  20  to  200  cps,  200  to 
2000  cps,  2000  cps  to  20  kc,  20  kc 
to  200  kc. 


Operating  point,  1 
a  remarkably  low  level,  and 
tains  uniform  output  over  the  entire 
frequency  spectrum.  See  Figure  2. 

-ftp-  Audio  Froquoncy  Oscillators 
roquiro  no  zoro  sotting 

It’s  just  such  engineered. features  as 
these  that  have  made  -hp-  the  out¬ 
standing  laboratory  instruments  in 
the  field  today.  Simplicity  of  opera¬ 
tion  . . .  speed  in  making  measure¬ 
ments  without  sacrifice  of  accuracy 
. . .  that’s  the  keynote  of  all  -hp-  in¬ 
struments.  Write  for  information... 
-hp-  engineers  are  at  your  service. 


•ftp-  Modal  200-D 

Frequency  range,  7  cps  to  70  kc. 
In  4  ranges:  7  to  70  cps,  70  to  700 
■  dpt,  700  to  7000  cps,  7000  cps  to 
70  kc. 


FREQUENCY 


•ftp-  Modal  202-0 

Frequency  range,  2  cps  to  70  kc. 
The  Model  202>D  is  similar  to  the 
Model  200>D,  with  the  addition  of 
a  2'50  cps  band  covering  approxi¬ 
mately  200  degrees  on  the  main 
tuning  dial. 


FIGURE  1 

Stabilized  amplifier.  Positive  feed¬ 
back  is  applied  to  this  amplifier 
trough  theR-C  network.The  result 
is  a  very  high  effective  **Q”  for  the 
circuit,  which,  combined  with  the 
phase  shift  characteristics  of  the  net- 


•ftp-  Modal  200-1 

Frequency  range.  6  cps  to  6000  cps. 
In  6  ranges:  6  to  20,  20  to  60. 60 
to  200,  200  to  600,  600  to  2000 
and  2000  to  6000  Cps. 


All  th*  above  models  are  available  in 
cabinets  or  for  relay  rack  mounting. 


Vacuum  Tube  Voltmotors 
Fmqunnqt  Mnfnrt 

Elnetronic  Taehomotnrs 


Audio  Frequency  Oscilhtors  *  Signal  Generators 

Noise  and  Distortion  Analyzers  Wave  Analyzers 

Square  Wave  Generators  Frequency  Standards  Attenuators 
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New  -  Sensational 

CRYSTAL 

EDGING 

MACHINE 

Pre~  Dimensional - 


INCREASE  PRODUCTION  MORE  THAN  50% 
—  YOUR  OVERHEAD  REMAINS  STATIC  — 


*  WRITE  TODAY  FOR  DETAILS  AKD  PRICES  B 

VOLKEL  BROS. 

MACHINE  WORKS 

19^  W«ti  Manchester  •  Let  Angeles  A4,  Calif. 

D»si§n»n  tnd  Manuhctunrs  of 

SPECIAL  DEVICES  &  EQUIPMENT 


Spring  Meeting,  Buffalo,  N.  Y. 
W.  M.  Murray,  president,  P.O.  Box 
168  Central  Square  Station,  Cam¬ 
bridge  39,  Mass.  Subject  to  post¬ 
ponement  or  cancellation. 

May  3;  Institute  of  Radio  Engi¬ 
neers  &  American  Institute  of 
Electrical  Engineers,  New  Yorlc 
Sections ;  Comparison  of  Various 
Modulation  Methods  in  Higher  Fre¬ 
quency  Communication,  by  W.  R. 
MacLean,  Brooklyn  Polytechnic  In¬ 
stitute  ;  Engineering  Societies 
Building,  33  West  39  St.,  New  York, 
N.  Y.;  tickets,  G.  L.  Tawney,  Hud¬ 
son  American  Corp.,  300  Pearl  St., 
Brooklyn  1,  N.  Y. 

May  10;  Institute  of  Radio  Engi¬ 
neers  &  American  Institute  of 
Electrical  Engineers,  New  York 
Sections;  Radiation  and  Propaga¬ 
tion  in  Higher  Frequency  Com¬ 
munication  by  C.  W.  Hansel,  RCA 
Laboratories ;  Engineering  Soci¬ 
eties  building,  33  West  39  St.,  New 
York,  N.  Y. ;  tickets,  G.  L.  Tawney, 
Hudson  American  Corp.,  300  Pearl 
St.,  Brooklyn  1,  N.  Y. 

May  11-12;  Acoustical  Society  of 
America,  thirtieth  Meeting;  Hotel 
Pennsylvania,  New  York,  N.  Y.; 
Wallace  Waterfall,  secretary,  350 
Fifth  Ave.,  New  York  1,  N.  Y. 

May  14-18;  Society  of  Motion 
Picture  Engineers,  57th  Semi- 
Annual  Technical  Conference;  Hol- 
lywood-Roosevelt  Hotel,  Hollywood, 
Calif;  W.  C.  Kunzmann,  convention 
vice  president,  P.O.  Box  6087,  Cleve¬ 
land  1,  Ohio. 

May  17;  Institute  of  Radio  En¬ 
gineers  &  American  Institute  of 
Electrical  Engineers,  New  York 
Sections;  Television  Relay  System, 
by  H.  B.  Fancher,  General  Electric 
Co.;  Engineering  Societies  Build¬ 
ing,  33  West  39th  St.,  New  York, 
N.  Y.;  tickets,  G.  L.  Tawney,  Hud¬ 
son  American  Corp.,  300  Pearl  St., 
Brooklyn  1,  N.  Y. 

May  18 ;  Institute  of  Radio  Engi¬ 
neers,  Chicago  Section ;  Current 
Problems  in  Radio  Engineering  and 
Manufacturing,  by  Paul  Galvin, 
president,  Galvin  Mfg.  Corp.;  Cen- 
,tral  YMCA,  19  South  LaSalle  St.; 
Alois  W.  Graf,  secretary,  135  South 
LaSalle  St.,  Chicago  3,  Ill. 

May  23;  American  Institute  of 
Electrical  Eng’rs,  N.  Y.  section, 
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Why  ANKOSEAL 

solves  cable  problems 

Ankoseal,  a  thermoplastic  insu¬ 
lation,  can  help  solve  many  elec¬ 
trical  engineering  problems, 
now  and  in  the  future.  Polyvinyl 
Ankoseal  possesses  notable 
flame-retarding  and  oil  resisting 
characteristics;  is  highly  resist¬ 
ant  to  acids,  alkalies,  sunlight, 
moisture,  and  most  solvents. 
Polyethylene  Ankoseal  is  out¬ 
standing  for  its  low  dielectric 
loss  in  high-frequency  transmis¬ 
sion.  Both  have  many  uses,  par¬ 
ticularly  in  the  radio  and  audio 
fields.  Ankoseal  cables  are  the 
result  of  extensive  laboratory  re¬ 
search  at  Ansonia — the  same 
laboratories  apply  engineering 
technique  in  the  solution  of 
cable  problems  of  all  types. 


Television — sign  and  symbol 
of  the  age  to  come — is  one  of 
the  wonders  that  specially  de¬ 
signed  cable  transmission  makes 
praaical.  For  the  quality  and 
fidelity  of  the  transmitted  image 
depend  largely  on  how  well  the 
cables  are  engineered  and  manu- 
fiictured,  from  tiny  cables  in  the 
broadcasting  mechanism  itself  to 
die  great  coaxial  cables  linking 
city  with  city,  making  possible  the 
television  networks  of  the  future. 

Thus  the  "wireless  age”  as  it  de¬ 
velops  will  aaually  need  more 
wires — and  more  complicated  ca¬ 
bles — to  achieve  its  realization! 

in  the  solution  of  these 
problems,  new  and  more  com- 
pliated  cables  will  be  required. 

Today,  we  will  undertake  to  en¬ 
gineer  and  manufacture  the  radio 
*nd  audio  cable  requirements  of 


any  government  agency  or  private 
concern  in  war  work.  Moreover, 
we  look  forward  to  solving  many 
of  the  most  diflficult  cable  tasks 
in  peacetime  —  as  we  have  in 
wartime.  The  same  laboratories, 
the  same  Yankee  ingenuity  that 
have  helped  to  whip  many  of  the 
difficulties  involved  in  the  com¬ 
munications  requirements  of  oiir 
Army  and  Navy  are  prepared 
to  funaion  for  industry — what¬ 
ever  the  problems  of  today  and 
tomorrow. 


Specializing  in  "Ankoseal”  a  Thermoplastic  Insulation' 

ANSONIA  •  CONNECTICUT 


A  Wholly-Owned  Subsidiary  of  ^ 

No2^  electric  corporation 

GENERAL  OFFICES  •  NEW  YORK,  N.  Y. 

— In  peacetime  makers  of  the  famous  Noma  Lights — the  greatest  name  in  decorative 
lighting.  Now,  manufacturers  of  fixed  mica  dielectric  capacitors  and  other  radio,  r?-'- 
and  elearonic  equipment. 
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IhiA.  *nau  be.  new- 

ELECTRICAL  ENGINEERING 
DEPARTMENT 


Electrical  Assemblies  —  Hydraulic  Fittings 
Conduit  Fittings  —  Junction  Boxes 


/VBO  V£  is  a  portion  of  the  Elearical  Engineering  De* 
partment,  which  contributes  to  the  unusual  Unionair 
set-up  that  is  at  present  producing  Electrical  Assem¬ 
blies  for  the  war  effort.  This  department  converts 
customers*  drawings  and  sketches  to  Unionair  pro¬ 
duction  drawings  and  where  required,  creates  its  own 
designs  in  connection  with  Electrical  Equipment. 

When  the  time  comes  that  we  can  put  to  Commercial 
use  the  results  of  the  concentrated  research  and  devel¬ 
opment  of  the  war  years  in  Electrical  Assemblies, 
these  engineering  facilities  may  be  yours. 

Our  new  booklet  titled,  ^’Electrical  Assemblies  made 
to  Customers*  Specifications**  is  available  on  request. 
Write  to:  Union  Aircraft  Produas  Corp.,  Dept.  E, 
245  East  23rd  Street,  New  York  10,  N.  Y. 


Focusing  of  Electron  Beams,  by  Dr. 
E.  U.  Condon,  associate  director  of 
research,  Westinghouse  Electric  & 
Mfg.  Co. ;  Pupin  Laboratory,  Colum¬ 
bia  University,  New  York,  N.  Y.; 
Prof.  C.  W.  van  der  Merwe,  sym¬ 
posium  chairman,  dept,  of  physics, 
Washington  Square  College,  Ne\r 
York  University,  New  York,  N.  Y. 

May  28;  American  Society  fob 
Measu^ment  a  Control;  Control 
of  Industrial  Processes,  by  W.  B, 
Heinz,  Cochrane  Corp.;  Roosevdt 
Hotel,  Pittsburgh,  Pa.;  L.  M.  So- 
sany,  secretary,  Carnegie  Institute 
of  Technology,  4400  Forbes  St, 
Pittsburgh  13,  Pa. 

June  25-29;  American  Institute 
OF  Electrical  Engineers,  Sum¬ 
mer  Technical  Meeting;  Detroit 
Mich. ;  H.  H.  Henline,  secretary,  83 
West  39  St.,  New  York  18,  N.  Y. 

.  .  .  Cancelled. 

WASHINGTON  NEWS  \ 

Production.  Looking  toward  a  I 
greater  production  effort  in  1946  | 
than  was  available  in  1944,  WPB 
points  out  that  in  the  Janu¬ 
ary  and  February  schedules  this 
year,  communication  and  electronic 
equipment  increased  10  percent 
Summed  up  for  the  year  1944, 
actual  production  was  $4,185,000,- 
000,  while  December  production 
was  $335,000,000.  As  of  January 
1,  1945,  the  January  schedule  was 
$354,000,000  and  the  February 
schedule  $380,000,000.  It  was  also 
revealed  that  cumulative  figures 
from  July  1,  1940  through  Decem¬ 
ber,  1944  showed  communication 
and  electronic  equipment  standing 
at  a  total  value  of  $9,405,000,000, 
with  radio  at  $4,459,000,000  and 
electronic  equipment  at  $2,827,000,- 
000. 

Returned  Materiel.  Under  a  new 
arrangement  within  the  Signal 
Corps,  supervision  of  all  shipments 
of  returned  materiel  from  overs^ 
will  be  handled  by  an  organization 
at  the  Holabird  (Md.)  Signal  Depot 
Shipping  instructions  will  be  sent 
to  every  Atlantic  port  on  all  signal 
items  which  can  be  identified,  as¬ 
signing  them  to  the  different  Signal 
Corps  installations  around  the  coun¬ 
try.  About  90  percent  of  all  ^tc- 
riel  is  unidentified.  This  will  be 
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ELK 


SUPER.QUALITY  COILS  AT  REASONABLE  PRICES 

More  and  more  every  day,  the  industry  is  turning  to  Albion 
for  fast,  quality  and  quantity  production  of  coils,  chokes, 
>nd  transformers.  That’s  because  here  you  benefit  from 
the  unbeatable  combination  of  management  ’’know  how,” 
shilled  workmanship,  streamlined  facilities,  and  central 
location.  Your  requirements  will  be  given  prompt  and 
Aoughtful  attention. 

^*CTRONICS  — Woy  194S 


AIBION 

COIL  COMPAHY 

ALBION,  ILLINOIS 

R.  F.  AND  TRANSMITTING  COILS  AND  CHOKES; 
I.  F.  TRANSFORMERS 


G  cqR_P 


manufactu^ 


FOR  POST-WAR  REQUIREMENTS 


YEARS  OF  EXPERIENCE  AT  YOUR  SERVICE 


.PWEtWABM 

•  mrm.  stammho*  ^  fU^C  PMttS 

•  MACKME  WOWC  ^  UECHAinCW*  AW)  yc- 

•  UIMIMATIOHS  WSTEUMEHTS 

•  tOOU  AW)  DffiA 


sent  to  Holabird  where  after  ex- 
amination  it  will  be  classified  as 
serviceable,  repairable,  obsolete,  ex¬ 
cess,  surplus  or  salvage.  Servicea¬ 
ble  materiel  will  be  sent  where 
needed,  and  obsolete  apparatus  will 
be  dismantled  so  that  parts  can  be 
used  where  possible.  Materiel 
rated  as  salvage  will  be  shipped  to 
the  salvage  disposal  division  and 
simple  repairs  will  be  done.  Mate¬ 
riel  which  can  be  repaired  by  the 
use  of  specialized  equipment  will 
be  sent  to  various  Signal  Corps 
depots  where  the  required  equip¬ 
ment  is  available. 

Surplus  Products.  Toward  the  end 
of  April,  Section  XI  of  a  handbook 
of  standards  for  describing  surplus 
property  was  announced  by  Surplus 
Property  Board.  This  section  covers 
communications  equipment,  elec¬ 
tronic  devices,  and  alarm  and  sig¬ 
nal  control  equipment.  Produced  to 
establish  minimum  standards  for 
contractors  and  government  own¬ 
ing  agencies  in  describing  inven¬ 
tories,  the  handbook  will  consist  of 
22  sections,  13  of  which  have  been 
previously  issued.  In  a  still  later 
section  will  be  included  instrument 
control  apparatus,  including  scien¬ 
tific  and  professional  equipment 
and  supplies.  Copies  will  be  pur¬ 
chasable  from  the  Superintendent 
of  Documents,  Washington,  D.  C. 

Shortages.  Electron  tubes  still 
being  in  short  supply,  WPB  is  si¬ 
multaneously  trying  to  get  all  exist¬ 
ing  tubes  in  service  and  to  obtain  I 
the  maximum  volume  of  new  tube 
production.  Information  as  to  sur¬ 
plus  radio  receiving  tubes  is  made 
available  to  manufacturers  and  dis¬ 
tributors,  so  that  any  actual  surplus 
supplies  may  reach  dealers  and 
service  men  for  civilian  supply- 
This  does  not  mean  that  the  civil¬ 
ian  tube  supply  situation  will  im¬ 
prove  materially.  Rather,  it  is  ex¬ 
pected  to  remain  about  the  same  as 
in  late  1944,  approximately  one  and 
one-half  million  tubes  a  month. 

Although  available  production 
capacity  is  believed  to  be  greater 
than  military  needs,  transformers 
were  reported  as  becoming  critical 
again  and  closer  control  by  WPB  is 
anticipated. 

,  Aluminum  phonograph  records 
are  available  only  on  high  rated 
orders,  remaining  supplies  being 
available  only  to  broadcasting  sta- 
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NEW  D-C  VACUUM-TUBE 
VOLTMETER 


Having  the  very  wide  d-c  voltage  range  of 
0.05  to  3,000  volts  with  exceptionally  high 
input  resistance,  this  new  d-c  v-t  voltmeter 
is  very  useful  in  radio  and  electronic  circuit 
design  and  testing. 

Small,  portable,  lightweight,  self-con¬ 
tained  and  accurate  the  new  Type  728-A 
Voltmeter  is  especially  useful  when  voltage 
measurements  have  to  be  made  without 
drawing  power  from  the  circuit. 


FEATURES 

WIDE  RANGE  —  0.05  to  3,000  volts,  in  7  full-scale 
values  of  3, 10,  30, 100,  300, 1000  and  3000  volts,  d-c 

HIGH  INPUT  RESISTANCE  —  Over  5000  megohms  on 
ranges  below  100  volts;  1000  megohms  above 

GOOD  ACCURACY  —  within  ±3%  of  full-scale  on  low 
ranges  to  30  volts;  within  ±5%  on  higher  ranges 

NEGLIGIBLE  A*C  EFFECT  —  superimposed  a-c  voltage 
up  to  200  has  negligible  effect  on  meter  indication 

REVERSING  SWITCH  —  switch  on  panel  to  ground 
either  positive  or  negative  terminal  of  source  being 
measured 

BATTERY  OPERATED  —  instrument  supplied  complete 
with  batteries 


D-C  VOLTS  ^ 

V  MVtrtAtiftiiKniK 


•  WIDE  RANGE 


PORTABLE  —  weighs  only  9^  pounds  with  batteries; 
dimensions  (length)  11  x  (width)  6^'^  x  (height)  5J4 
inches  with  cover  closed 


•  HIGH  INPUT 
RESISTANCE 


•  GOOD  ACCURACY 


TYPE  728  A  D  C  VACUUM-TUBE  VOLTMETER  $110 


At  present  this  instrument  is  available 
only  for  high  priority  war  orders;  reserva¬ 
tion  orders  for  later  deliveries  are  being 
accepted. 

Write  for  a  copy  of  the  G-R  Experimenter  for  December 
1944  for  complete  description  of  this  instrument. 


•  NO  A-C  EFFECT 


•  PORTABLE 


•  BATTERY 
OPERATION 


Cambridge  39,  Massachusetts 

NEW  YORK  XRIGAGO  LOS  ANGELES 
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ticms  maUng  master  records,  sod 
then  only  when  filling  such  orden 
as  would  not  interfere  Mrith  military 
and  OWI  requirements. 

Workers  are  scarce  to  the  tune  oi 
10,000  in  163  radar  plants  which 
are  now  behind  schedule.  Ninety 
percent  of  these  jobs  can  be  handled 
by  women. 

Railroad  Radio.  Mobile  radio 
equipment  allocations  and  lending 
for  experimental  purposes  is  ex¬ 
pected  to  be  controlled  by  WPB 
more  closely  than  before.  Small 
quantities  of  mobile  equipment  will 
be  granted  on  a  loan  basis — usually 
90  days — for  essential  experimenta¬ 
tion  which  would  be  limited  to  just 
a  few  companies  in  any  one  field 
on  the  theory  that  other  companies 
with  parallel  operations  can  base 
their  future  policy  on  results  of 
these  individual  tests. 

Broadcast  Applications.  Under 
a  new  policy  effective  January  16, 
1945,  FCC  announces  the  follow¬ 
ing  manner  of  handling  applica¬ 
tions  for  new  standard  broadcast 
stations  or  for  changes  in  facilities: 

Applications  filed  before  Janu¬ 
ary  26,  1945,  and. upon  which  the 
Commission  has  taken  no  action, 
will  be  held  in  status  quo  unless  the 
applicant  files  a  petition  requesting 
action  or  unless  the  Commission  it¬ 
self  desires  to  determine  issues 
which  would  require  hearings  re¬ 
gardless  of  material  and  manpower. 

Applications  filed  before  January 
26,  1945,  which  have  been  desig¬ 
nated  for  hearing  but  no  hearing 
has  been  held,  will  be  retained  in 
status  quo  unless  either  of  the  alter¬ 
native  factors  apply  as  indicated 
under  the  former  category. 

Applications  filed  before  Janu¬ 
ary  26,  1946,  in  which  hearings 
have  begun  but  the  record  has  not 
yet  been  completed,  will  be  finished 
and  held  in  the  pending  file  unless 
it  appears  that  a  grant  can  be  made 
under  the  terms  of  the  Commis¬ 
sion's  supplemental  policy  state¬ 
ment  of  Jan.  26,  1944. 

Applications  filed  before  Janu¬ 
ary  26,  1946,  and  in  which  hearings 
have  been  concluded,  will  be  de¬ 
cided  and  announced  where  a  grant 
is  possible  under  terms  of  the  sup¬ 
plemental  statement  of  policy  or  a 
-denial  is  necessary.,  regardless  of 
the  availability  of  materials  and 
manpower.  / 

Applications  filed  after  January 


Whatever  band  the 


to  your  broadcast,  VHF,  UHF  or  other  com¬ 


munications  devices,  we  will  always  be  ready 


to  produce  accurately  and  deliver  on  schedule 


Control  Crystals  to  your  exact  specifications, 


Meanwhile,  may  we  offer  our  extensive 


experience  with  the  more  difficult  frequencies. 


without  obligation,  if  it  can  help  your  planning. 


PAN-ELectr.onic  LABoratories,  Inc. 

500  SPRING  STREET,  N.W.  •  ATLANTA,  GEORGIA 


ELECTRONICS 


Clectx^^^ 

,i<iM  (AO*-® 


,h.P«»'‘>“  „  be  n-ol*'?  ?«»«“**” 
S«».W  ’"“"‘Hecri-l  P^J^«iSiS 


i8#i^ 


26,  1945  will  be  processed  and  de¬ 
termined  in  accordance  with  the 
supplemental  policy. 


To  permit 
this  station 


To  do  this: 


KPQ 

Wenatchee 
Waih. 
WSCC 
Savannah. 
Ga. 
KRKO 
Everett, 
Wash. 
KFEQ 
St.  Joseph, 
Mo. 
W3XO 
Wash., 

D.  C. 
KCMO 
Kansas  City, 
Mo. 

Dublin, 

Ga. 

KOIN 

Portland, 

Ore. 

•  WJEF 
Grand  Rapids, 
Mich. 
KELO 

Sioux  Falls, 
S.  Dak. 
WJNO 
West  Palm 
Beach,  Fla. 

WFBM 

Indianaoolis, 

Ind. 

WNYG 
New  York, 
N.  Y. 

Rome 
NY. 
WEBC 
Duluth, 
Minn. 
WINS 
New  York. 
N.  y.  . 
WJOD 
Washington, 
D.  C. 
WEJC 
Washinston, 
D.  C. 
WAGE 
Syracuse, 

N.  y. 
WCHV 
Charlottesville 
Va. 
WBKY 
Lexington, 
Ky. 

Cambridge, 

Maw. 

KONP 
Port  Angeles, 
Wash. 

WIBG 

Philadelphia, 

Pa. 

WATW 

Ashland, 

Wis. 

Sacramento, 

Calif. 

Saoamento, 

Calif. 


t.hange  to  560  kc.  Up  power  to  1 
kw.  Install  new  transmitter 

Relay  to  WTOC  on  30,820, 33,740, 
35,820,  and  37,980  kc  with  2-w 
power 

Move  transmitter  and  studio,  inSaR 
new  antenna  and  ground 

Operate  auxiliary  transmitter 


Move  transmitter  for  allocation  M 
coverage  studies  in  conjunction  wRIi 
W3XMB. 

Inaease  power  to  5  kw  continjstil 
on  later  move  of  transmitter  to  pro¬ 
tect  KTBS  and  other  points. 
Construct  new  station  on  1340  kc, 
250  w  unlimited  time. 

Make  changes  in  present  trinsmillcr 
equipment. 

Operate  a  new  station  on  12301k, 
250  w,  unlimited  time. 

Operate  with  new  antenna 


Move  transmitter  and  studio. 


Construct  1  kw  auxiliary  transmitki 
using  directional  antenna  at  night 

Construct  new  relay  broadeisl 
station  for  1622,  2058,  2150  and 
2790  kc,  40  w. 

Construct  new  standard  broadcMl 
station  to  operate  on  1450  kc, 
250  w,  unlimited  time. 

Change  automatic  frequency  control 
unit  of  auxiliary  transmitter. 

Use  former  main  transmitter  n 
auxiliary  of  1-kw  power  with 
directional  antenna  day  and  night 
Move  relay  broadcast  transmitter. 


Operate  relay  station  transmitter  at 
new  location,  move  main  transmitter, 
and  change  antenna. 

Operate  auxiliary  transmitter  with 
250-w  power  using  directional  *• 
tenna  at  night. 

Operate  at  frequency  of  1240kt 


Operate  new  non-commercial  edu¬ 
cational  broadcast  station  on  42,900 
kc,  500  w. 

Construct  developmental  broarw 
station,  frequency  to  be  assigned, 
250  w,  AO,  A4  and  special 
emission  for  fm,  unlimited  time. 
Operate  a  new  station  at  1450  kc, 
250  w,  unlimited  time. 

Operate  old  transmitter  as  ausiliarv- 

Operate  at  increased  power  ^ 
250  w  and  with  change  in  typ«  «• 
transmitter. 

Construct  a  new  station  to 
on  1490  kc,  250  w,  unlimited  ttme. 

Construct  a  new  station  to  ^^*** 
on  1340  kc.  250  w,  unlimited  time. 


BUSINESS  NEWS 

<Jeneral  Electric  Co.  has  paid 
$232,735  to  employees  for  produc¬ 
tion-accelerating  suggestions  made 
during  1944.  The  total  number  of 
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Why  not  write  us  for  complete  infor¬ 
mation  on  "Crystionics.” 


Wpey 


m  pmm'  mm 


Yes,  it  probably  would  look  strange  to 
us  to  see  such  a  sight  today.  But  the 
G.I.  Joe  in  Europe  or  on  a  South  Pacific 
island  wouldn’t  give  it  a  second  glance. 
Every  day  he  sees  communications  sent 
from  much  more  difficult  positions  — 
with  complete  assurance  of  reception. 


Valpey  Crystals  are  vital  parts  of  this 
type  of  communication.  Precision 
ground  by  crystal  craftsmen,  they  can 
be  relied  upon  for  perfect  service 
whether  in  the  Arctic  or  the  Tropics. 


As  they  did  before  the  war  Valpey 
Crystals  after  the  war  will  be  chosen 
for  their  high  fidelity  and  complete 
dependability.  Peacetime  planners  are 
already  contacting  the  Valpey  labor^u- 
tories  and  are  finding  Valpey  engineers 
ready  to  help  with  any  problem  of 
design  or  performance. 


VP-3 

Developed  for  use  tn  mobile 
equipment  and '  application; 
with  limited  space. 


CM-1 

A  design  for  normal  fre¬ 
quency  control  applications 
suitable  for  marine,  aircraft, 
etc.,  uses 


CBC-0 

Where  utmost  in  stability  re¬ 
quires  constant  temperature 
control  in  commercial  instal¬ 
lations 


Incorporafe  GENERAL  PLATE 
LAMiNATED  METALS 
into  your  Post~War  Products 


If  you  want  to  be  sure  that  your  post-war  products 
are  out  in  front  in  the  peace  period,  do  as  other 
manufacturers  are  doing  .  .  .  include  General  Plate 
Laminated  Metals  into  your  designs.  These  ver¬ 
satile  laminated  metals  will  give  you  many  per¬ 
formance  and  sales  advantages  that  cannot  be 
obtained  with  solid  metals.'  For  instance,  perman¬ 
ently  bonded  laminations  of  precious  metals 
to  base  metals  give  solid  precious  metal  perform¬ 
ance  at  a  fraction  of  the  cost  of  solid,  precious 
metals.  In  addition,  the  precious  metals  provide 
better  electrical  conductivity  or  corrosion  re¬ 
sistance  and  long  wearing  life.  The  b^se  metals 


tnetals, 

'"'We  0'  !>»»■■ 


permit  workability,  ease  of  fabrication  and  strength. 
Don’t  be  caught  off  guard  in  the  coming  sales 
battle,  incorporate  General  Plate  Laminated  Metals 
into  your  products  now.  They  are  available  in  raw 
stock,  sheet,  wire  or  tube  .  .  .  inlaid  or  wholly  cov¬ 
ered  or  as  completely  fabricated  assemblies.  Our 
engineers  will  gladly  give  you  every  assistance  in 
the  selection  of  the  right  metal  combination  for  your 
particular  products.  Write  for  their  services,  today. 


Genera/ 


OP  METALS  &  CONTROLS  CORPORATION 

90  Church  St.,  Nuw  York,  N.  Y.;  205  W.  Wockor  Drivo,  Chicago,  III.;  2635  Pago  Drivo,  Altadona,  California;  Grant  SIdg.,  Rm.  603,  Pittsburgh,  Pa. 

ATTLEBORO,  MASSACHUSETTS 
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i  IN  AIMY 


jl^OlOS  w 


AcCUtACY  CANNOT  II  COM- 


PIOMISiD  WITH  IN  TNESI  WAN 


DAYS  or  IIOHTNINO  SKIDS  AND 


WOIID  WIDE  COWUmKATIONS, 


0 


All  TUNED  INTO  OUl  DIESENT 


[ISION  OIAIS. 


auaker  City  Gear  Works 

INCORPORATED 


INCORPORATED 

l‘?IO-32  North  Front  Street,  Phllade'c'"  Penns^'vania 


ideas  paid  for  was  19,488  and  the 
record  award  was  $2,000. 


COLUMBU  BBOADCASTING  SYSTEM  is 
givinsr  a  60-week  course  in  the 
operation  of  television  studio  and 
transmitter  equipment  to  175  of  the 
network’s  .technical  employees.  Di¬ 
vided  into  three  sections  of  20 
weeks  each,  the  course  is  being 
given  by  the  division  of  general 
education  and  College  of  Engineer¬ 
ing,  New  York  University. 


Hytbon  Cobp.,  Salem,  Mass.,  has 
changed  its  name  to  Hytron  Radio 
&  Electronics  Corp. 


McMuboo  Silveb  Co.  is  a  new  en¬ 
gineering  and  manufacturing  con¬ 
cern  established  in  Hartford,  Conn. 
Activities  will  involve  amateur 
parts,  kits,  and  special  equipment 
production  as  well  as  consulting 
engineering. 


Allen  B.  Dumont  Labobatobies, 
Inc.  has  an  order  for  the  first  tele¬ 
vision  transmitter  to  be  installed  in 
Australia.  The  projected  location 
is  Sydney,  N.  S.  W. 


Philhabmonic  Radio  Cobp.,  a  sub¬ 
sidiary  of  American  Type  Founders 
Inc.  has  been  consolidated  with  the 
ATF  remote  control  division,  both 
at  New  York,  N.  Y.  Home  radio 
plans  are  being  dropped. 


Oh  MITE  Mfg.  Co.  makes  an  initial 
grant  of  $15,000  to  Illinois  Institute 
of  Technology  for  establishment  of 
a  laboratory  there.  Activities  will 
involve  precision  measurement  of 
electrical  and  magnetic  quantities 
with  an  ultimate  goal  of  approach¬ 
ing  the  accuracy  of  the  Bureau  of 
Standards,  Washington,  D.  C. 


SONOTONE  RESEABCH  LABOBATOBIES, 

Elmsford,  N.  Y.,  has  met  the  man¬ 
power  shortage  by  the  employment 
of  large  numbers  of  school  girls 
from  the  bobby  sox  crowd  of  West¬ 
chester  County. 


Westinghouse  Electbic  Intebna- 
TIONAL  Co.,  East  Pittsburgh,  Pa.  is 
planning  a  Portuguese  edition  of  El 
Ingeniero  Weatinghotise,  the  Span¬ 
ish  technical  magazine  produced  for 
Latin  America. 


PHILCO  Cobp.,  Philadelphia,  Pa- 
takes  over  the  facilities  formerly 
occupied  by  Hunter  Mfg.  Co.  at 
Croydon,  Pa.  Utilizing  approxi¬ 
mately  200  employees,  the  new  facil- 


IMS  — ELECTRONICS 


Whaf  s  all  this  talk 
about  “SMALL  BUSINESS"? 


There’s  no  * ’small  business”  anymore.  From 
DOW  on,  the  main  issue  in  this  country  will  be 
Rationed  Security  .  .  .  and  in  this  sense  there 
are  no  more  small  businesses. 

They  are  ALL  Component  Parts 
of  BIG  BUSINESS 

National  Security  will  increasingly  come  to 
mean  spreading  more  and  more  business  over 
more  and  more  areas  .  .  .  with  more  and  more 
qualified  sub-contractors  .  .  .  thus  making 
every  community  self-supporting  .  .  .  provid- 
I  ing  full  employment . . .  equalizing  in  the  truest 
sense  the  distribution  of  our  national  wealth. 

Business  is  no  different  from  an  army.  The 
success  of  both  depends  upon  the  efl^cient 
integration  of  its  component  units  .  .  .  and  no 
one  unit  is  expected  to  do  the  entire  job. 

That’s  the  lesson  we’ve  learned  from  the  war. 
And  the  more  we  apply  it  expertly  and  unself- 
iahly  to  our  industrial  problems  of  production, 
the  sooner  we  will  resolve  most  of  the  disturb¬ 


ing  conditions  that  hitherto  have  continued 
to  upset  our  economic  balance. 

Handling  5000  Contracts  in  One  Year 

Here  at  Lewyt,  during  1944,  we  produced  a 
great  variety  of  component  parts  and  assem¬ 
blies  of  important  war  equipment .  .  .  compli¬ 
cated  electronic  mechanisms  that  involved  the 
use  of  many  highly  specialized  skills.  We  suc¬ 
cessfully  met  the  most  exacting  requirements 
of  low-reject  production  and  frictionless  syn¬ 
chronization  with  other  manufacturers’  sched¬ 
ules.  Our  year’s  activities  summed  up  to  filling 
5000  separate  contracts  for  other  manufacturers! 

Few  plants  make  their  entire  product  any¬ 
more.  We  have  become  a  nation  of  sub-con¬ 
tractors.  Sub-contracting  has  emerged  from 
pre-war  obscurity  to  occupy  a  place  of  dignity 
and  ever-increasing  stature  in  our  future 
economy. 

★  ★  ★ 

Write  on  your  business  stationery  for  48-page  book,  "Let 
Lewyt  Do  It” — the  story  of  the  Lewyt  organization  in  pictures. 
Lewyt  Corporation,  60  Broadway,  Brooklyn  11,  N.  Y. 


A  CONTRACT  MANUFACTURIR  -  BXPIRTLY  STAFPID  TO  PRODUCI  COMPUTI  BUCTRONIC  AND  MICHAN- 
ICAL  ASSIMILIBS,  COMPONBNT  PARTS  AND  SUB-ASSIMUIIS,  TO  THB  MOST  BXACTINO  RIQUIRIMINTS 


CONTINUE  'k  BUYINO  ^  WAR  BONDS 

SUCTRONICS  — W 


The  23000  Series 
Variable  Air  Capacitors 


Datignad  for  Application,  doublo 
boorings,  ttootHo  ond  plolos,  cad¬ 
mium  or  (ilvor  plotod  brats  plotos. 
Singlo  or  doublo  soction.  .020"  or 
.060"  air  gap.  End  plato  six#:  V/(% 
X  Rotar  plato  radius: 

Shaft  lock,  roar  shaft  oxtontion, 
tpocial  mounting  brackots,  otc.,  to 
moot  your  roquiromonts. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 


MALDEN 

MASSACHUSETTS 


ities  will  specialize  in  the  export 
packing  of  spare  parts  for  radio 
and  electronic  equipment. 

E.  I.  Du  Pont  de  Nemours  &  Co. 
establishes  an  electronics  group  in 
its  rayon  department.  Much  of  the 
activity  of  the  group  will  be  con¬ 
cerned  with  development  of  methods 
for  control  of  various  operations. 

Hallicrafters  Co.,  Chicago,  Ill.  an¬ 
nounces  an  employee  profit-sharing 
trust  plan  for  workers  with  three 
years  seniority.  All  payments  to 
the  fund  will  be  made  by  the  com¬ 
pany. 

Teckna  Co.  is  the  new  name  of  the 
plastic-fabricating  and  product  en¬ 
gineering  concern  formerly  known 
as  Teckna  Plastic  Co.  The  com¬ 
pany  is  located  in  Bayside,  L.  I., 
N.  Y. 

University  of  Louisville  estab¬ 
lishes  a  non-profit  Institute  of  In¬ 
dustrial  Research  whose  purpose  is 
to  engage  in  engineering  and  scien¬ 
tific  research  for  industrial  and  pri¬ 
vate  clients  on  a  contract  basis. 

Electronic  Testing  Laboratories 
Inc.,  Newark,  N.  J.  has  completed 
a  program  for  expansion  of  its  pro¬ 
duction  facilities. 

Adaptol  Co.  is  now  located  in  en¬ 
larged  quarters  at  260  Utica  Ave., 
Brooklyn,  N.  Y. 

j  James  Knights  Co.,  Sandwich,  Ill., 
has  effected  a  license  agreement 
with  Western  Electric  Co.  and  will 
manufacture  electronic  equipment 
under  their  patents. 

Sound  Apparatus  Co.  announces 
the  location  of  new  offices  in  the 
Woolworth  Bldg,  at  233  Broadway, 
New  York  7,  N.  Y. 

PERSONNEL 

Frank  P.  Barnes,  former  instruc¬ 
tor  in  electronic  and  radio  engineer- 
'  ing  at  the  University  of  Washing¬ 
ton  and  with  General  Electric  Co. 
since  1937,  is  appointed  district 
representative  of  the  transmitter 
^  division  of  the  company’s  elec- 


HANDLE  YOUR  PROBLEM 

Wherever  mechanical  equipment 
can  be  regulated  by  automatic 
timing,  Haydon  Electroneered 
Timing  —  with  Its  many  types  of 
synchronous  timing  motors  availa¬ 
ble  —  will  fit  your  product  and 
the  new  automatically  controlled 
devices  of  the  future^ 

Synchronous  AC  timing  motors  by 
Haydon,  are  available  with  torque 
output  of  5  to  20  Inch  ounces, 
basis  I  RPM;  specially  protected, 
where  necessary,  for  salt  spray, 
tropical  service,  vibration  or 
shock;  lubricated  to  ambient  tem¬ 
perature  specifications  of  tlie , 
j  customer:  special  | 

'  colls  and  leads 

available  for 
high  tempera¬ 
tures;  available 
in  a  wide  range 
^  of  voltages,  fre¬ 

quencies,  and 
ourpuT  shaft  speeds.  Compact  — 
light  In  weight  —  rugged  and 
reliable. 


Write  today  // 
for  your  copy 
of  this  cata- 
logue. 


♦eltctroneered  timing 

flavdon 


M  ANUrXCTURING  COMPANY 
•  INCORPORATED 


Co*utecUc4d 

Manufacfurert  of  the  broadett  rang*  ^ 
fiming  ipofon 
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Illustrated  at  left  is  a  Langevin 
Hermi-Lock  hermetically  sealed 
transformer.  Case  must  be  destroyed 
before  interior  of  unit  can  be 
reached.  Hermi-Lock  provides  ex¬ 
tensive  safety  factor  for  combat  use. 


The  failure  of  a  hermetically  sealed  transformer  is  largely  due  to 
the  faa  that  solder  is  depended  upon  for  a  mechanical  union  as 
well  as  the  hermetic  seal.  Solder  having  a  low  tensile  strength  is 
readily  fractured  by  thermal  aaion,  vibration  or  shock,  and  the 
seal  broken;with  failure  a  probability. 

LANGEVIN  hermetically  sealed  transformers  employ  the  unique 
*Hermi'Lock  construaion  which  provides  a  positive  mechanical 
union  between  body,  cover  and  bottom,  the  solder  being  simply 
the  sealing  agent.  The  result  is  a  dependable  unit  with  little  chance 
of  failure  under  simultaneously  adverse  conditions. 

Your  inquiry  for  transformers  of  all  types  up  to  5  KVA  are  solicited. 

Mark  RagMorad 


f>r  fkMBIENT 


pTamIient 


The  Langevin  Co m p a n u 

tNCORPORATEO  #  4.^ 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NEW  YORK 
37  W  65  St.,  23 


SAN  FRANCISCO 
1050  Howard  Sf  .  3 


LOS  ANGELES 
1000  N  Seward  St  38 


!??n?55^T!!^Frii 


ceiving  tubes  by  Sylvania  Electric 
Products,  Inc.  Previously  manager 
of  commercial  engineering,  Mr. 
Jones  has  headquarters  in  Empor¬ 
ium,  Pa. 

Kenneth  S.  Lum,  previously  with 
Measurements  Corp.,  becomes  assis¬ 
tant  chief  engineer  at  Madison 
Electrical  Products  Corp.,  Madison, 

N.  J. 

F.  A.  Hiter,  senior  vice  president, 
Stewart-Warner  Corp.  is  elected  to 
the  board  of  directors  of  RMA  to 


Whether  you  cue  now  us¬ 
ing  plastics  or  want  to 
leom  why  it  will  pay  you 
to  convert  to  plastics,  you 
should  have  a  copy  of  this 
helpful  booklet.  Write  for 
it  today  —  without  obliga¬ 
tion. 


SILLCOCKS-MILLER  CO. 

office  A  Foctory 

10  W.  PARKER  AVE.,  M  A  PI  E  WOOD,  H .  J 
Mailing  Addresi;  SOUTH  ORANGE,  N.  J 


H  Costs  You  Loss  to  Pay  o  LHHs 

MoroforSillcocks-MillerQuolHy 


George  W.  Oehlsen,  Jr.,  formerly 
assistant  chief  engineer  of  the  ra¬ 
dio  division,  becomes  assistant  di¬ 
rector  of  engineering  in  Division 
One  (instruments  and  radio), 
Stewart-Warner  Corp.,  Chicago, 
Ill. 


FREE  BOOKLET 
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Andrew  Co.,  Chicago,  Ill.  Mr.  Nel¬ 
son  has  been  with  Western  Electric 

Co. 


Arden  LeFevre,  formerly  divi¬ 
sional  chief  engineer  of  Stewart- 
Warner  Corp.,  is.  appointed  vice 
president  and  director  of  engineer¬ 
ing  of  the  division  including  instru¬ 
ments  and  radio. 


David  C.  Prince,  vice  president. 
General  Electric  Co.,  takes  charge 
of  the  company’s  general  engineer¬ 
ing  laboratory.  Laboratory  activ¬ 
ities  are  being  broadened  to  include 
the  requirements  of  the  entire  com¬ 
pany. 


Walter  R.  Jones  is  appointed  to 
the  newly  created  post  of  general 
engineering  manager  for  radio  re¬ 


PRESENTS  4  •  POINT 


Sigjna  Instrynieiits,  me. 

bblavs 

62  Caylen  St.,  Bostoa  21,  Mats. 


SERVICE  TO  HELP 


DESIGN  ENGINEERS 


How  the  facilities  and  ex¬ 
perience  of  SillcockEP-Miller 
specialists  con  help  you 
solve  your  problems  in  pre¬ 
cision-fabricated  plastics  is 
told  in  a  new  illustrated 
booklet  now  available. 


Designers  and  manufactur¬ 
ers  in  need  of  plastic  ports 
and  products  made  to  ex¬ 
tremely  close  tolerances 
will  find  the  Sillcocks-Mil- 
ler  Company  a  most  de¬ 
pendable  source  for  design 
and  development  service 
and  for  highest  quaUty  pro¬ 
duction. 


tiGMA  RELAYS 


PLASTICS 

By  Sillcocks-Miller 


tronics  department.  His  head¬ 
quarters  will  be  in  San  Francisco. 

% 

Wilbur  L.  Nelson  is  made  me¬ 
chanical  design  engineer  of  The 


NEW  GUIDE 

TO  PRECISIOI-MADE 


The  5  RPL  relay  has  two 
coils  with  separate  ter¬ 
minals  which  may  be  con¬ 
nected  to  independent  pilot 
circuits.  The  load  of  the  re¬ 
lay  is  operated  only  by  the 
co-ordination  of  the  two 
pilot  circuits.  This  may  be 
the  sum  or  the  difference  of 
the  pilot  circuit  voltages 
depending  on  the  polarity  of 
coil  connections. 


'Qie  same  result  can  be  ac¬ 
complished  with  the  un¬ 
mounted  type  6  F  relay  but 
the  enclosed  form  is  usually 
preferred.  Both  types  are 
widely  used  in  aircraft  ap¬ 
plications  where  circuit  co¬ 
ordination  is  desired. 


This  figure  represents  lhc»^ 

maximum  iimil  off  power  radiated  by  the 

osciiiater  in  Techrad’s  LRR-5  receiver! 


1 .  For  monitoring  or  standby  where  a  number  of 
receivers  ore  operated  in  close  proximity. 

2.  For  dual  or  triple  diversity  reception. 


Designed  originaliy  for  use  on  ships  operating  in 

the  combat  zones;  the  LRR-5  iow  radiation  receiver  offers 

definite  advantages  to  other  services. 


1.  Radiation  less  than  400x10*'^  watts  through¬ 
out  the  entire  range. 

2.  Signal-to-noise  ratio  at  15  micro  volts  is  20  db. 

3.  10  watts  audio  output  at  3X  total  harmonic 
distortion. 

4.  50  to  15,000  cycle  audio  frequency  response 
ildb. 

5.  Variable  selectivity. 

6.  Beat  oscillator. 

7.  Coverage:  540-1600,  2.6-6.3,  6.3-18  me. 


Low  radiation  has  been  accomplished  in  the  LRR-5  receiver 
without  compromise  in  electrical  performance. 


Your  rocoivor  probUms  will  rocoivo  prompt  and  thoughtful  attontion  whon 
you  consult  our  onginoors.  Writ#  now  for  comploto  information  and  data. 


technical  radio  company 


a  IHII« 
Quality 

jIRONi^ 


175  NINTH  STRUT  •  SAN  FRANCISCO  3,  CALIFORNIA 

EXPORT  AGENTS.  FRAZAR  S  HANSEN.  301  ClAY  STREET,  SAN  FRANCISCO  II.  CALIFORNIA.  U.  S.  A. 


*lictronics 


Silent  operation  of  postwar  appliances  and  electrical 
equipment  will  require  Pilot  Light  assurance  of  "ON” 
and  the  added  advantage  of  the  animated  eye  appeal 
of  light.  Gothard’s  broad  line  of  Pilot  Light  Assemblies 
—  developed  thru  both  war  and  peacetime  research — 
will  provide  the  solution  to  that  need.  Beyond  the 
scope  of  this  broad  line — Gothard  engineers  offer 


you  a  wealth  of  Pilot  Light  experience  to  satisfy 
special  requirements.  Consult  Gothard  on  your  present 
and  postwar  plans. 


MANUrACTUmNO  COMPANY 

i3lt  N.  Ninth  tt.  SfriniMd,  III. 
Export  DIv. 

Now  York  17.  N.  Y.  25  Warrtn  Stroot 
Cnblot 

Simontrica,  Naw  York 


0 

Ukaa  NE46 
Neon  Lamp 


available 
(or  NE43 
and  NE5I 

Naan  Lampi 


;  .'S, 


mmfTAirm 


DFiAY  mm 


PROVIDE  DELAYS  RANGING 
FROM  I  TO  120  SECONDS 


Offtor  imporfant  features  Include:^ 

1.  Compensatad  for  ambient  temperature 
changes  from  —40°  to  110°F. 

2.  Contact  ratings  up  to  115V*10a  AC. 

3.  Hermetically  sealed  —  not  affected  by  al> 
titude,  moisture  or  other  climate  changes  . . . 
Explosion-proof.  ' 

4.  Octal  radio  base  for  easy  replacement. 
K.  Compact,  light,  rugged,  inexpensive. 

Circuits  available:  SPST  Normally  Open; 
Normally  Closed. 

rOUK  PROBLEM?  Seed  for  "Spe- 
Sfteef*'  and  Descriptive 


wHh  ^ 
poradaith 
heater  4 


heoter  wound 
diredfly  on  blade 


AMPERITE  CO 


561  BROADWAY 
NEW  YORK  12.  N  Y. 


Canada;  Atlas  Radio  Corp. 
560  King  St.  W.,  Toronto 
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replace  L.  L.  Kelsey,  formerly  with 
Stewart-Warner  Corp.  and  now 
with  the  Belmont  Radio  Corp.,  Chi¬ 
cago,  Ill. 

Cameron  G.  Pierce,  who  has  been 
active  in  radar  development  is  dis¬ 
trict  representative  for  Southern 


California  and  Arizona  in  the  trans¬ 
mitter  division  of  (General  Electric 
Co.’s  electronics  department. 

F.  C.  Alexander  joins  Mackay 
Radio  Telegraph  Corp.  to  become 
executive  assistant  to  the  vice  pres¬ 
ident  and  chief  engineer.  He  has 
been  in  the  office  of  the  Director  of 
Naval  Communications. 

AWARDS 

Workers  of  the  following  con¬ 
cerns  in  the  electronic  field  have 
been  awarded  Army-Navy  burgees 
for  excellence  in  production: 

Belden  Mfg.  Co. 

Chicago,  Ill. 

Richmond,  Ind. 

David  Bogen  Co. 

New  York,  N.  Y. 

Dobeckmun  Co. 

Cleveland,  Ohio 

General  Cable  Corp. 

Buffalo,  N.  Y. 

St.  Louis,  Mo. 

Muter  Co. 

Chicago,  Ill. 

National  Carbon  Co. 

Charlotte,  N.  C. 

Northern  Radio  Corp. 

Seattle,  Wash. 

Ohio  Crankshaft  Co. 

Cleveland,  Ohio 

Roller-Smith  Div. 

Realty  and  Industrial  Corp. 

Bethlehem,  Pa. 

Santay  Corp. 

Chicago,  Ill. 

Westinghouse  Electric  &  Mfg. 

Sunbury,  Pa. 
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W£  MEASURE  OUR  OWH  ••VARVSTICKS^ 


Complex,  sensitive  instru¬ 
ments.  are  a  commonplace  not 
only  in  the  engineering  laboratories  but 
on  the  production  lines  of  Connecticut 
Telephone  &  Electric  Division.  These 
instruments  enable  us  to  maintain  the 
extreme  precision  in  telephone  equip¬ 
ment  and  electronic  devices  called  for 
by  Signal  Corps  standards.  So  impor¬ 
tant  is  this  high  precision  that  we 


have  special  apparatus  for  measuring 
the  accuracy  of  the  test  instruments 
themselves. 

The  result  of  this  constant  testing 
and  retesting  is  better  products. . .  better 
telephones,  headsets,  switchboards  and 
other  devices,  for  our  armed  forces,  a 
better,  brighter  future  for  your  com¬ 
municating  systems,  electrical  and 
electronic  equipment  for  tomorrow. 


MEASUREMfNT  BY  TIME 
SIGNALS...  U.S.  Govern¬ 
ment  radio  time  signals  of  infi¬ 
nite  accuracy  as  a  basis,  this  ap¬ 
paratus  permits  our  engineers  to 
**test  our  own  test  instruments" 
for  the  ultimate  in  engineering 
and  production-line  accuracy. 


&  Mfg- 


ronics 


CONNECTICUT  TELEPHONE  &  ELECTRIC  DIVISION 

GREAT  AMERICAN  INDUSTRIES,  INC.*  MERIDEN,  CONNECTICUT 

TELEPHONIC  SYSTEMS  •  SIGNALUNG  EQUIPMENT  •  ELECTRICAL  EQUIPMENT  •  HOSPITAL 
AND  SCHOOL  COMMUNICATIONS  AND  SIGNALLING  SYSTEMS  •  IGNITION  SYSTEMS 


o-ECTRONICS  — Moy  1945 
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The  ball-bearing,  playback  arm  is 
counterbalanced,  and  uses  a  mag¬ 
netic  needle.  Frequency  range  is 
from  30  to  7000  cps. 

Other  features  of  the  equipment 
include :  two  equalizers  used  to  vary 
the  low-frequency  response.  One 
equalizer  operates  at  about  100  cy¬ 
cles  from  1  to  15  db  above  or  below 
normal.  The  other  gives  constantly 
variable  boost  at  around  7500  cps  of 
from  1  to  22  db,  or  an-  attenuation 
of  from  1  to  15  db  below  5000  cps; 
two  dual  high  impedance  channels 
are  provided  with  two  separate 
jacks.  One  jack  includes  a  pre¬ 
amplifier  and  gives  an  over-all  gain 
of  115  db.  The  other  jack  skips  the 
preamplifier  tube  and  lowers  the 
gain  to  80  db;  two  volume  controls, 
which  can  be  operated  simultan¬ 
eously,  and  which  regulate  the  input 
signal  from  two  microphones,  mi¬ 
crophones  and  dubbing  table,  tuner 
and  microphones,  or  tuner  and  dub¬ 
bing  table.  One  channel  has  a  gain 
of  80  db  and  the  other  a  gain  of 
115  db. 

The  equipment  is  easy  to  operate 
since  all  functions  are  regulated  in¬ 
stantly  by  depressing  one  or  more 
of  seven  different  buttons. 


NEW  PRODUCTS 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


Pressure-Time-Curve 

Indicator 

Pbessubegraph  is  an  electronic  de¬ 
vice  which  will  indicate,  in  linear 
response  on  the  screen  of  a  cath¬ 
ode-ray  oscillograph,  the  pressure¬ 
time  curve  of  any  internal  com¬ 
bustion  engine,  pump,  airline,  or 
any  other  enclosed  pressure  system 
where  pressure  measurements  are 
desired.  It  measures  either  static 
or  dynamic  pressures.  It  is  easy  to 
operate  because  only  one  control  is 
necessary,  and  one  initial  adjust¬ 
ment  '  to  compensate  temperature 
effects  need  be  made. 

Electro  Products  Laboratories, 
549  West  Randolph  St.,  Chicago  6, 


Circuit  Breaker 

Now  IN  PRODUCTION  is  a  new  and 
improved  single-pole  circuit  breaker 
for  240  volts  ac  or  125  volts  dc,  50 
amp  maximum  which  can  be  front 
or  rear  connected.  Breakers  have 


AboT*,  th*  new  console  model  de¬ 
scribed  oboTe.  Below,  shows.  Rodio- 
tone  recording  equipment  installed  at 
the  Jack  &  Heints  Co.,  plant  in  CleTe- 
lond,  Ohio 


plants  or  studios)  made  by  the  Rob- 
inson-Houchin  Optical  Co.,  Colum¬ 
bus,  Ohio.  The  new  console  model 
illustrated  incorporates  features  of 
the  manufacturer’s  RA-16  portable 
Radiotone,  except  that  it  also  has  an 
acoustic  cabinet.  The  console  con¬ 
sists  of  a  recording  cutter  (which 
records  speech  directly  or  from  the 
unit’s  own  built-in  radio) ;  play¬ 
back  (instantaneous) ;  and  a  PA 
system.  The  recorder  operates  at 
speeds  of  78  or  83i  rpm,  and  cuts 
from  inside  or  outside.  The  high- 
fidelity  cutting  head  maintains  its 
adjustment  and  has  a  uniform  fre¬ 
quency  response  from  40  to  6000  kc. 


Top  illustrotioa  shows  pick-iv  soction 
oi  Prossuregroph.  Pickup  response  is 
tronsmitted,  after  amplification,  to  the 
screen  of  a  cothode-roy  oscillograph, 
niustration  below  shows  pickup  hooked 
up  to  unit 


instantaneous  trip  or  a  selection  of 
three  time  delays.  Overall  dimen¬ 
sions  are  5i-in.  long,  2H-in.  high, 
and  li-in.  wide. 

Heinemann  Circuit  Breaker  Co., 
97  Plum  St.,  Trenton,  N.  J. 


Recording  Unit 

Radiotone  is  the  name  applied  to 
recording  equipment  (for  schools. 


May  — ELECTRONICS 


IVi  INCH  SQUARE  MODEL  112 


Entirely  self-contained  with  built-in  resistors 


and  shunts.  Available  in  wide  variety  of  ranges. 


This  model,  too,  may  be  immersed  in  30  feet 


of  water  for  7  days  without  harm  to  the  move¬ 


ment.  In  addition,  it  incorporates  all  other 


waterproof  features  af  the  Model  120.  Though 


compact  in  size,  no  sacrifice  has  been  made  in 


quality  of  materials  or  construction  details.  It 


performs  with  high  efficiency  in  a  voriety  of 


applications.  A.$.A.  type  movement.  Built  to  ex 


HERMETICALLY  SEALED  MINIATURE 


1’/. 


Designed  to  aid  in  the  development  of  small 
equipment  for  present  or  postwar  applkations 


acting  specifications. 

Additional  information  supplied  upon  request . . .  Write  for  the  new  DeJUR  catalog 
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INCH  ROUND  MODEU20 


ttVE  RIU  SUPPORT 
TO  THE  SEVENTH 

war  loan  drive 


The  smallest  meter  of  its  kind,  built  with  the 
care  and  precision  of  all  DeJur  larger  instru¬ 
ments.  Sealed  to  sustain  immersion  in  30  feet 
of  water  for  as  many  as  7  days  without  harm 
to  the  mechanism.  If  the  glass  breaks,  the 
meter  case  is  designed  to  seal  the  equipment 
against  water  seepage.  Terminal  studs  are  also 
waterproof  sealed.  Another  advanced  construc¬ 
tion  feature  is  the  ring  mounting  which  makes 
for  quick  and  easy  installation— no  mountini 
holes  or  screws  necessary,  just  tighten  on  with 
the  ring.  A.S.A.  type  movement.  BuiH  to  exact¬ 
ing  specifications. 


AMSCO  CORPORATION 


GtNttAl  OFfia:  NOalHtBN  glVO  AT  45lh  STRftT,  lONC  ISUNO  (inf  I,  N  T. 
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EUectronic  Counter 

A  NEW  TWO-DECADE  Counter,  de¬ 
signed  for  industrial  and  laboratory 
uses,  is  actuated  by  a  closing  con¬ 
tact,  sine  wave,  or  pulse  input  (as 
from  a  photocell)  at  rates  up  to 
1000  cps.  Each  decade  divides  by 
ten,  giving  a  factor  of  100.  The 
count  for  0  to  99  appears  on  two 
banks  of  neon  lamps.  A  telephone- 
type  relay  is  connected  to  the 
counter  output  and  the  contacts  of 
this  relay  close  once  for  each  100 
input  cycles.  Ck)ntacts  are  con¬ 
nected  to  an  output  terminal.  Con¬ 
ventional  electro-mechanical  count- 
ters  may  be  connected  to  extend  the 
count  to  as  many  places  as  desired. 
One  of  the  more  important  applica¬ 
tions  of  the  unit  is  in  counting 
rates  exceeding  10  cycles  a  second. 
Other  applications  include:  instal¬ 
lations  where  long  and  high  speed 


auction  ana  inspec- 
jtton  problems.  Let 
our  highly  trained 
experts  help  you 
select  the  instru¬ 
ments  best  suited  to 
your  needs.  Ask 
them  for  advice  and 
for  help  with  W.P.B 
forms  and  priority 
information.  You’ll 
get  speedy  deliv¬ 
ery  from  our  Indus¬ 
trial  Emergency 
Service  Department 
since  large  stocks 
are  maintained  of 
such  widely  known 
lines  as  RCA,  Du¬ 
mont,  Triplett.  G. 
E.,  Industrial,  Tack- 
son  and  Hickok. 

OTHER  DEPARTMENTS 
TO  SERVE  YOU 

•  Electrical  Main 
tenance 

•  Plant  Sound  Sys 
terns 

•  Shoo  Tools  an  ’ 
eauipment 

•  Industrial  Light¬ 
ing 

•  Electronic  Pro- 
duction  Equip¬ 
ment 

Please  indicate  in 
the  coupon  be'ow 
the  Industrial  bro¬ 
chures  you  want. 
And  send  for  the 
free  copy  of  our 
Reference  Book  and 
Buyers  Guide.  It 
describes  many  new 
electronic  product' 
for  Industry. 

FILL  IN  t  MAIL 
OOUPON  TODAY 
FOR  OATALOQ 


MEOOHM  METER 


continuous  operation  is  necessary; 
in  counting  and  calibrating  the 
actual  number  of  cycles  that  resis¬ 
tance  welding  timers  apply;  or  as 
an  interval  timer  by  connecting  it 
through  a  switch  to  a  known  ex¬ 
ternal  frequency  (such  as  a  60-cycle 
line).  When  the  switch  is  closed 
and  opened,  the  instrument  will 
count  the  number  of  cycles  of  the 
known  frequency  that  have  passed 
in  the  closed-switch  time  interval, 
giving  a  reading  in  terms  of  the 
number  of  .cycles  of  the  known  fre¬ 
quency.  The  equipment  is  sturdy 
and  intended  for  rigorous  and  long 
use.  Operation  is  from  a  60-cycle, 
105-  to  125-volt  line.  Weight  of  the 
unit  is  25  lb. 

Potter  Instrument  Co.,  136-56 
Roosevelt  Ave.,  Flushing,  N.  Y. 
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Rectifier  Tube 

Type  8B27  is  a  high  voltage  rec¬ 
tifier  tube  of  rugged  construction 


COMPUTE  MANUFACTURERS 
FROM  START  TO  FINISH 
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‘«.KAFT  &  diesel 
UIPMENT  CORP. 

'  NO-  Ravenswood  ave  * 

CHICAGO  40,  ILLINOIS 


and  suitable  for  industrial  and  mo¬ 
bile  transmitter  use.  The  tube  is  a 
high  vacuum  type.  Ratings  are: 
Peak  inverse  voltage  8,500;  peak 
plate  current  0.6  amp ;  average  plate 
current  0.150  amp;  filament  draws 
5.0  amp  at  2.5  volts;  four  tubes  in 
full  bridge  deliver  5415  d-c  volts  to 
a  filter  with  6000  volts  total  input; 
base  is  medium  4-pin  bayonet  type. 

Electronic  Enterprises,  Inc., 
65-67  Seventh  Ave.,  Newark  4,  N.  J. 


accovnp^ 


Method  of  Silver-Coating 
Quartz  Crystals 

This  new  process  is  patented  and 
is  available  to  quartz  crystal  manu¬ 
facturers  for  use  in  their  own  plants 
under  license  agreements.  It  is  a 
method  of  applying  a  thin  conduc¬ 
tive  silver  coating  to  quartz  crys¬ 
tals.  The  coating  is  applied  simply 
by  dipping  the  crystals  in  a  series 
of  solutions.  It  is  easy  to  do  and 
can  be  done  by  inexperienced  oper¬ 
ators.  The  only  equipment  required 
is  a  few  photographer’s  trays,  and 
clips  to  hold  the  crystals.  Several 
hundred  crystals  may  be  coated 
simultaneously.  Write  Metaplast 
Co.,  205  West  19  St.,  New  York  11, 
N.  Y. 


To  keep  diesel  engines  operating 
at  peak  efficiency,  this  portable, 
precision-built  Adeco  Nozzle  Test¬ 
er  is  indispensable. 

Light  in  weight  yet  built  for  heavy- 
duty  service,  it  enables  any  me¬ 
chanic  to  make  quick,  accurate 
tests  on  injector  opening  pressure, 
spray  pattern,  etc.,  and  detect 
stuck  needle  valves  and  leakage 
around  valve  seats.  Tests  both 
large  and  small  injectors,  on  bench 
or  engine,  at  pressures  up  to  10,- 
000  p.s.i.  Prevents  costly  delays 
and  possible  damage  to  engine. 

Ideal  for  testing  hydraulic  devices. 


Hermetically-Sealed  Meter 

To  MEASURE  resistance  there  is 
available  a  hermetically-sealed, 
ring-mounted  meter  (Model  120) 
which  is  built  to  ASA  specifications 
and  which  measures  11  in.  The 
manufacturer  states  the  meter  can 
be  immersed  in  SO-ft  of  water  for 
as  many  as  7  days  without  damage 
to  its  mechanism.  Terminal  studs 


Write  far  bwllatin  on  tM« 
practical,  low-coct  unit. 
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WHEN  CIRCUITS  CONTAIN  THESE  SYMBOLS 


S.  WHITE  fLEXIBLE  SHAFTS 

merit  your  consideration 


Here's  why  S.  S.  White  flexible  shafts  merit  consideration  when  you 
design  electronic  equipment  containing  elements  that  require  operational 
adjustments. 

These  shafts  provide  a  simple  means  of  operating  the  various  elements 
from  remote  points  that  functions  as  smoothly  and  sensitively  as  a  direct 
connection.  This  gives  you  unrestricted  freedom  in  placing  the  elements. 
You  can  put  them  where  you  want  them  for  optimum  circuit  efficiency, 
easy  assembly,  ready  wiring,  space  saving,  convenient  servicing.  And  at 
the  same  time  you  can  centralize  the  controls  in  the  most  desirable  spot. 

With  a  single  S.  S.  White  shaft  you  can  hook  up  any  two  points,  regard¬ 
less  of  curves,  congestion  or  distance.  And  this  goes  for  power  driving 
as  well  as  for  remote  control. 

THIS  256-PAGE  FLEXIBLE  SHAFT  HANDBOOK 

will  give  you  full  information  and  engineering  data  about 
flexible  shafts  and  how  to  apply  them.  A  free  copy  will 
be  sent  to  you,  rf  you  will  write  for  it  direct  to  us  on  your 
business  letterhead  and  indicate  your  position. 


FLEXIBLE  SHAFTS 


MOLDED  ELASTICS 


MOLDED  lESISTORS 


FLEXIBLE  SHAFT  TOOLS 


^TRONICS 


I  M  O  N 


900  BROADWAY  •  NEW  YORK  3,  N.  Y 

Telephone:  Algonquin  4-5180-1-2-3 


6323-37  Guilford  Avenue,  Indianapolis  5,  Indiana 


are  waterproofed  and  therefore  the 
equipment  remains  waterproof  even 
if  the  glass  is  broken.  The  unit  h 
available  in  a  wide  variety  of  ranges 
(including  microammeter  or  micro¬ 
voltmeter  specifications) ,  for 
mounting  on  any  thickness  pand 
between  A  and  i  in,  steel  or  bake- 
lite. 

DeJur-Amsco  Corp.,  Northern 
Blvd.  and  45  St.,  Long  Island  City, 
N.  Y. 


CORRECT  LIGHT...  DAY  or  NIGHT  ...CORRECT  LIGHT 


riLUl  Libni  #viA.4oo 

5  DISTINCTIVE  FEATURESs-ln  doytiim  this 
unit  emits  concentrated  penetrating  light 
which  Is  visible  thru  surrounding  bright¬ 
ness  ...  A  turn  of  the  knurled  head  pro¬ 
duces  soft  diffused  light  which  is  ideal  for 
night  operation.  No  effect  on  operator's 
vision  .  .  .  Field  of  visibility  Is  a  full  150°. 
60°  more  than  required  minimum  ...  . 
Press-to-test  —  light  finger-tip  pressure  ac¬ 
tuates  the  bulb  testing  circuit  .  .  .  Ac¬ 
commodates  Krew-base  or  bayonet  base 
bulbs  which  can  be  quickly  discharged  by 
finger-tip  pressure  .  .  .  Assemblies  sup¬ 
plied  complete  with  required  lamps.  Con¬ 
sult  us  about  your  problem. 

Write  for  Catalogue 


Plating  Process  and  Machine 

Recently  announced  is  the  (fc-l 
velopment  of  a  new  process  and  ma¬ 
chine  for  high-speed  plating  of  sil¬ 
ver  and  gold  on  radar  wire  and 
parts  with  uniform  specification  d^ 
posits.  The  machine*  for  handling 
wire  can  take  wire  measuring 
0.0025  in.  up  to  light  cable,  and  it 


Time  Delay  Relays 

Although  originally  designed  for 
transmitter  equipment, 


airborne 
these  Type  MGR,  motor-operated,j 
time  delay  relays  are  available  for 


RADELL-BUILT  PRODUCTS 


•  It  is  easy  to  recognize  the  marks  of  superior 
craftsmanship  in  Radell-huilt  electronic  products.  With 
a  hroad  basic  knowledge  and  advanced  production 
Radell  Corporation  is  a  versatile  organization  specializ¬ 
ing  in  the  assembly  and  sub-assembly  of  highest 
quality  electronic  products. 


COMPLETE  FACILITIES  FOR  AUDIO  WORK 
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send  me  a  free  copy  of  ** Masters  of  Metal”  booUet  de- 
•cribing  your  facilities.  I  am  interested  in  the  ELECTRONENT* 
plications  checked. 

Q  Batteries  Q  Dials  Q  Panels 

D  Record  Changers  Q  Escutcheons  □  Sockets 

D  Clips  Q  Jacks  □  Stampings  (misc.) 

D  Condensers  □  Lugs  Q  Tubes 

Cdier  applications . 
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SCOVILL  M AN V FACT IJR live  COMPANY 

Electronic  Division 

22  Mill  Street,  Waterbuiy  91,  Connecticut 

Name  . 


Company 

Address 


. .  .  and  disconnected  a  tie-up 


ttH' 


ttc 


INTO  RADIO  TERMINAL  JACKS 


ered  costa  by  a  substantial  margin. 

Scovill  Electronents* 
may  also  save  time  and  money  for  you 
Maybe  your  small  electronic  com¬ 
ponents  or  large  assemblies  can  bene¬ 
fit  from  ScovilPs  versatility  in  forging, 
drawing,  stamping,  heading,  or 
machining  all  kinds  of  metals  and 
ScovilPs  impartiality  in  choosing  the 
one  method  that  will  make  your 
Electronents*  faster  and  better*  for 
less.  For  further  details  of  ScovilFs 
designing  service  and  manufacturing 


Terminal  jacks  for  war- 
needed  radios  —  screw- 
\  machined  from  rod  stock 

—were  lagging  behind  other  parts. 
Expediters  called  on  Scovill  to  break 
the  bottleneck. 


Scovill  did  just  that  by  shifting  to 
high-speed  stamping  of  sheet  metal. 
This  change  in  technique  stepped  up 
production  greatly  .  .  .  cut  down  on 
•crap,  always  a  problem  in  screw 
BMchine  operations  .  .  .  turned  out 
eminently  satisfactory  work .  .  .  low¬ 


ability,  send  for  literature.  Use  the 
coupon  below  and  mail  it  today. 
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GENERAL  g6  ELECTRIC 


trol  and  is  set  to  cut  out  the  motor 
circuit  at  the  end  of  the  shaft 
travel.  A  third  switch  for  a  second 
load  circuit  can  be  provided.  Mo¬ 
tors  are  permanent-magnet  types. 

Bulletin  No.  3100  describes  these 
units.  The  R.  W.  Cramer  Co.,  Inc., 
Centerbrook,  Conn. 


Limiting  Amplifier 

A  70-db  gain  limiter  amplifier 
eliminates  thumping  and  monkey 
chatter  in  radio  broadcasting  and 
other  sound-reproduction  applica¬ 
tions.  Limiting  is  controlled  from 
a  pre-equalized  voltage.  Total  input 
attenuation  is  30  db  in  1  db  steps. 
The  unit  provides  ten  to  one  com¬ 
pression  beyond  the  limiting  points ; 
permits  a  5  to  6  db  limiting  action 
without  being  apparent;  permits 


limiting  of  up  to  15  to  20  db  with¬ 
out  distortion;  provides  a  safety 
factor  in  high-power  radio  and  PA 
nstallations ;  and  effectively  reduces 
over-modulation  without  distortion. 
Frequency  characteristic  rating  is 
plus  or  minus  1  db  over  a  range  of 
from  20  to  20,000  cycles.  The  unit 
is  for  relay-rack  mounting. 

Altec  Lansing  Corp.,  1210  Taft 
Bldg.,  Hollywood  28,  Calif. 


For  Flertronic 
Circuit  Controls 


The  tributes  paid  to  "Black  Seal” 
discs  by  many  leading  engineers 
have  been  earned  by  distin- 
fished  service  on  the  turntable. 
Your  ears  will  recognize  the  dif¬ 
ference  in  quality  of  reproduc¬ 
tion,  and  the  longer  ploy-back 
life  will  ixove  the  superiority  of 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible, 
interchange^le  with  aluminum, 
or  medium  weight  —  both  with 
four  holes. 

An  AA-2X  rating  is  automatically 
available  to  broadcasting  sta¬ 
tions,  recording  studios  and 
schools.  Endosure  of  your  prior¬ 
ity  rating  will  facilitate  delivery 
Old  Mnnlaiim  Bleaks  Rsceotad  witk 
*‘Bledi  Seel**  Femule  ea  Short  Netieo 


General  Electric  Circuit  Control 
Switches  are  ideally  suited  for 
installation  in  signaling  equip¬ 
ment,  communication  apparatus, 
instrument  panel  boards,  lighting 
systems,  aircraft  circuit  control 
systems  and  other  electronic  ap¬ 
plications.  These  ^  switches  are 
available  in  single  pole,  double 
pole,  three  wa^,  double  pole  — 
double  throw,  two  line — two  cir¬ 
cuit  and  three  point.  General  Elec¬ 
tric  Circuit  Control  Switches  can 
be  designed  to  meet  your  indi¬ 
vidual  requirements. 

You  can  obtain  more  specific 
information  by  writing  to  Section 
Q55S-li9,  Appliance  and  Mer¬ 
chandise  Dept.,  General  Electric 
Company,  Bridgeport,  Conn. 

★  ★  ★ 


Instrument  Knob 

Fob  communication  equipment 
there  is  available  a  knob  construc¬ 
ted  of  smooth-finished  bakelite  with 
poiqter  arrow  on  front  It  comes 


complete  with  a  i-in  brass  insert 
and  set  screw.  It  measures  1 J  over¬ 
all  diameter,  and  i-in  over-all 
height.  List  price  35  cents  each. 
General  Cement  Mfg.  Co.,  Rockford, 
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The  ideas  that  will  permit  the  successful  development 
of  your  electrical  equipment  requiring  the  use  of 
metallic  rectifiers  have  perhaps  already  been  developed 
by  B-L  engineers. 

The  Benwood  Linze  Company  has  pioneered  in 
developing  the  application  of  dry  plate  metallic  rec¬ 
tifiers  wherever  Direct  Current  is  required  from  an 
Alternating  Current  source.  The  B-L  Research  Labo¬ 
ratories,  established  since  1921,  have  become  an 
internationally  recognized  source  for  information  in 
this  specialized  field. 

Dry  plate  metallic  rectifiers  are  an  important  electri¬ 
cal  specialty.  Many  prominent,  successful  engineers — 
men  who  understand  intimately  most  phases  of  elec¬ 
tricity— have  today,  simply  through  unfamiliarity,  only 
a  limited  knowledge  of  the  wide  variety  of  possible 
applications  for  reaifiers. 

B-L  engineering  experience— in  the  development, 
research  and  designing  of  equipment  for  the  conver¬ 
sion  of  AC  to  DC— is  available  to  your  technical  staffs 
as  an  aid  in  meeting  their  production  requirements. 

We  invite  your  inquiries— address  Dept.  A. 


THE  BENWOOD  LINZE  COMPANY 

Long  Distance  Telephone  CEntrol  5830 
1815  Locust  Street  •  •  •  St.  Louis  3,  Mo* 

N»w  York  Safes  Offieot  Chicago  Safes  Offiemi 

Murray  Hill  5>5878  Telephone  CENtral  2379 

420  Lexington  Ave.  20  N.  Wacker  Drive 

New  York  17,  N.  Y.  Chicago  6,  Illinois 

• 

DISIONnS  AND  MANUFACTURnS  OF  SILINIUM  AND  COFNR 
SULPHIDI  RICTIFIIRS,  DAniRY  CHAROIRS,  AND  D.  C.  POWIR 
SURPLUS  FOR  PRACTICALLY  IVIRY  RIQUIRIMINT. 


i 


complete  radio 
and  electronic  service 
includes: 


Voltage  Control  Units 

Fob  voltage  control  of  small 
power  applications,  Powerstats 
(No.  116  and  No.  216)  have  been 
added  to  this  manufacturer’s  stand¬ 
ard  line  of  compact,  lightweight  and 
ruggedly  constructed  variable 
transformers  in  the  1-kva  range.  An 
extra  large  aluminum  brush  heat 
radiator  is  combined  in  these  new 
units  with  a  new  type  of  brush 
pressure  adjustment  spring  to  as¬ 
sure  a  small  brush  temperature  rise 
and  to  lessen  damage  from  sudden 
overloads.  Both  units  have  a  total 
weight  of  9  lb,  including  a  protec- 


Said  the  g 
SIGNAL 

COUPS...  ^ 
"Nlake  ’em  light... 
make  ’em  strong!" 


Extensive  stocks 


of  critical  radio  and  alee* 
tronic  components . . .  meters, 
resistors,  capacitors,  trans¬ 
formers,  test  equipment  .  .  . 
and  hundreds  of  other  scarce 
ports  and  equipment. 


SKYDYHi  CABIHITS 
for  Portabk 
lletfronk  Equipment 


d  *We'find~lt~fer-you 
department..." 

a  staff  trained  to  obtain  the 
goods  you  specify,  or,  if  that 
is  impossible,  to  suggest  on 
equally  effpetive  substitute. 


tive  screening  and  a  totally-enclosed 
terminal  box  with  input  cord  and 
plug,  an  outlet,  and  an  “on-off” 
switch.  Uncased  models  (designated 
as  U  types)  are  available  for  rear 
panel  mounting.  Powerstat  116  op¬ 
erates  on  a  single  phase  115-volt  in¬ 
put  to  deliver  a  variable  output  volt¬ 
age  from  zero  to  135  volts  with  7.5 
amp  available  at  any  brush  position. 
Model  216  has  twice  the  voltage  rat¬ 
ing  and  a  current  rating  of  3.0  amp. 
By  mounting  single  units  in  tan¬ 
dem,  different  voltage  and  current 
ratings  can  be  obtained.  Circuit  di¬ 
agrams  are  contained  in  Bulletin 
No.  116  available  from  Superior 
Electric  Co.,  Bristol,  Conn. 


They’re  os  rugged  os  the  combat  corps- 
men  they  serve— yet  so  light,  they  odd 
only  ounces  to  the  delicate  radio  equip¬ 
ment  they  protect!  And  these  famous 
Skydyne  cabinets,  serving  overseas  with 
the  U.  S.  Signal  Corps,  are  now  availabis 
for  your  electronic  products. 


FORM  -  MOLDED  "SANDWICH" 
CONSTRUCTION  IS  LIGHTER 
.  .  .  STRONGER 

Skydyne  combines  greater  strength  wM 

less  wight  than  any  other  instrums#' 
housing  materiel. 

I  Form-molded  to  esod 

I  specifications,  Sky- 

ctA  Lv  dyne  is  laminated  et 

jt  a  balsa,  cork  or  light¬ 

weight  synthetic  con 
— faced  with  plywood,  metal  or  other  sur¬ 
facing  material.  Modern  electronic  shield¬ 
ing  is  incorporated  in 
the  cabinet  itself. 

Complex  shapes  and  | 
curvatures  are  pos-  (I  jj 

sible  without  compli- 
cated  design,  pro¬ 
duction  or  assembly  problems.  Skydyne 
assures  an  attractively  streamlined  one- 
piece  cabinet  that  stands  up  to  rough 
handling,  resists  heat,  vibration,  sound. 
And  Skydyne  is  remarkably  inexpensive. 

Find  out  how  Skydyno  tabinott  can  im- 
prove  the  appearance  and  serviceabifity  of 
your  products.  Write  for  litorafuro  today- 


Priority  problem 
^chdists... 

and  technical  advisors  who 
have  the  advantage  of  "know- 
ing-lt-all".  .  ,  but  who  are 
helpful  and  courteous  in 
teaching  it  to  you. 


Indicating  Instrument 

A  NEW  FREQUENCY  meter  and 
elapsed  time  meter  comes  in  one 
case  to  save  panel  space  and  weight. 
It  is  for  use  on  engine-driven  gen¬ 
erator  sets  and  other  equipment 
where  proper  operating  speeds,  lub¬ 
ricating  and  overhaul  schedules  are 
important.  Frequency  or  speed  is 
indicated  to  an  accuracy  of  ±0.3 
percent  by  a  bank  of  5  reeds  cali¬ 
brated  in  single  cycle  steps  from  58 
to  62  cycles.  ,  The  running  time 
meter  is  driven  by  a  synchronous 
motor,  and  indicates  elapsed  time 


prompt  deliveries . . 

jjjaJ  nacds  no  amplifiea6on, 

nUbmedtip.orUe>>dmmmeiie 
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MAKE  YOUR  RADIO  A  CLOCK  AND  ALARM 


Here  are  dramatic  new  sales  features  for  your 
post-war,  low-priced  bedside  radio  ...  it  be* 
comes  a  clock  and  an  alarm  when  yoii  add  the 
Telechron  C-40  electric  radio  switch  clock.  In¬ 
stallation  cost  is  low.  Operation  is  simple.  Just 
pre-select  the  time  with  a  single  control  knob 
—the  C-40  turns  on  the  program  automatically 
sod  acts  as  a  pleasant  awakener. 

"nie  new  Telechron  C-40  electric  radio  switch 
dock  will  be  available  for  panel  mounting. 
With  dial  and  hands  styled  to  your  special 
^•^RONICS  —  Woy  194S 


needs.  Telechron  accuracy,  long  life  and 
dependability  give  you  extra  selling  points.  For 
full  details,  write  or  wire  Industrial  Sales  Divi¬ 
sion,  Dept.  K,  Warren  Telechron  Company, 
Ashland,  Mass. 


which  all 


(C 

gen 


in  hours  and  tenths.  Designated  as 
Model  31-FE,  this  meter  operates 
on  110  volts,  and  is  also  available 
for  48  to  62  cycles  and  in  half  cyde 
steps  for  69  to  61  cycles  and  49  to 
61  cycles,  with  accuracy  of  ±0.2 
percent.  Other  ranges  are  under 
development. 

J-B-T  Instruments,  Inc.,  New 
Haven,  Conn. 


Indicating  Unit 

Illustrated  is  an  indicating  unit, 
designated  as  Gradientometer, 
which  quickly  locates  magnetic 
fields  as  in  aircraft  inspection,  lost 
tools,  underground  piping,  in 
searching  for  conduits,  etc.  The 
unit  differs  from  the  manufac¬ 
turer’s  Magnetometer  because  it 
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This  question  is  being  thrown  at  us  every  day. 
More  and  more,  design  engineers  realize  the 
importance  of  reducing  vibration  by  proper 
use  of  rubber  mountings,  properly  engineered. 

Today,  Rubber  Mountings  are  a  vital  struc* 
tural  element  in  virtually  all  military  electronic 
equipment.  They  have  also  been  incorporated 
into  the  design  of  many  wartime  vehicles  and 
heavy  weapons. 

Production  of  U.S.  Rubber  Mountings  is 
still  entirely  devoted— directly  or  indirectly— 

SERVING  THROUGH 


to  the  war  eflfort.  So  numerous  and  exacting  are 
current  demands  on  United  States  Rubber  Com¬ 
pany  technicians  in  this  field  that  work  on  prob¬ 
lems  of  vibration-elimination  for  postwar  prod¬ 
ucts  must  be  indefinitely  postponed. 

We  deeply  appreciate  the  patience  and  un¬ 
derstanding  our  manufacturer-customers  are 
showing  in  this  situation.  And  we  look  for¬ 
ward  eagerly  to  the  time  when  we  can  again 
work  with  them  in  close  cooperation. 

SCIENCE 


Listen  to  "Science  Looks  Forward”— new  series  of  talks  by  the  great  scientists  of  America- 
on  the  Philharmonic-Symphony  Program.  CBS  network,  Stmday  afternoon,  3.00  to  4:30  E.W.T. 


UNITED  STATES  RUBBER  COMPANY 


3S9 


toRONICS  — Woy  I9« 


1230  SIXTH  AVENUf  •  ROCKEFiUER  CENTER  •  NEW  YORK  20,  N.  Y. 


Power 


amoui  ncma  in 


tremes.  Units  are  available  with  6 
normally  open  contacts  or  in  ar¬ 
rangements  of  normally  open  and 
normally  closed  contacts.  Contacts 
are  rated  3  amp,  d-c  non-inductive. 
The  magnet  coil  bobbin  is  of  a  high- 
impact  type.  These  relays  are  also 
available  with  heavy  duty  contacts 
rated  at  10  amp,  28  volts  d-c  non- 
inductive. 

R-B-M  Mfg.  Co.,  Logansport,  Ind. 


DO  YOU  NEED  A 


FOR  45,000  VOLTS 
BREAKDOWN? 


Hermetically-Sealed  Resistors 

No.  1100  Series  is  a  new  type  of 
hermetically-sealed,  accurate-fixed, 
wire-wound  resistor  impervious  to 
moisture,  fungus,  vibration,  and 
rough  handling.  They  are  con¬ 
structed  without  glass,  or  stud- 


lYere  it  Isl  With  one  inch 
spacing  and  rounded  edges  on 
all  adjacent  parts;  this  new  type 
TN  condenser  has  a  capacity 
range  of  33.1  to  12.6  mmf. 
Rough  adjustment  of  capacity 
is  made  by  moving  the  outer 
cylinder  within  the  clamp.  Pre* 
■cision  settings  covering  a  total 
i^ange  of  12  mmf  are  secured 
by  rotation  of  the  tuning 
control  shaft  which  comes  out 
at  an  angle  of  90*  to  the 
lengthwise  axis  of  the  con¬ 
denser.  The  location  of  this  shaft 
may  be  changed  radially  in 
steps  of  45*.  The  12  inch  scale 
shown  in  the  above  illustration 
will  indicate  the  approximate 
dimensions. 

A  smaller  model  is  available, 
having  a  voltage  breakdown 
rating  of  35,000  peak  volts  and 
a  capacity  range  of  26.0  to  7.2 
mmf.  Both  models  can  be 
supplied  with  larger  capacity 
ratings  if  desired.  Spun  and  cast 
aluminum  are  used  in  the 
construction  of  both  models. 
Connections  are  made  direct  to 
the  aluminum  castings  and  leads 
may  come  off  at  any  angle. 
The  Johnson  line  includes  a 
complete  range  of  sizes  of 
similar  condensers  down  to  the 
model  N-125,  rated  at  9,000 
peak  volts  Breakdown. 

Write  for  further 
information. 


SM  Fractional  H.  P.  Motors 
for  radio,  communications, 
aircraft  and  many  commer¬ 
cial  applications. 


Whenever  you  need  con¬ 
centrated  power  —  maximum 
power  per  ounce  of  weight 
and  per  inch  of  space — specify 
SM  Fraaional  H.P.  Motors. 
You’ll  get  a  unit  engineered 
and  precision  built  to  your 
exaa  specifications,  a  long-life 
motor  of  dependable  perform¬ 
ance.  From  1/lOth  to  l/200th' 
H.P.  Speeds  from  3»000  to 
20,000  R.P.M.  Voltage  from 
6  to  220  AODC.  Thousands 
have  been  engineered  and  built 
for  signal  corps  and  military 
aircraft  use.  Plant  facilities 
for  large  volume  produaion. 
What  are  your  requirements.^ 


locked  resistance  elements,  ferrule 
terminals  or  caps.  The  Series  is 
available  in  two  designs  and  in  all 
resistance  values  from  1000  ohms 

a 

to  10  megohms. 

Shallcross  Mfg.  Go.,  CoUingdale, 
Pa. 
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Evaporator 

Not  all  the  possible  applications 
of  Model  C  evaporator  have  been 
explored,  but  one  application  in  the 
field  of  electronics  is  its  use  to  evap¬ 
orate  silver  on  the  surface  of  quartz 
plates  in  such  a  manner  that  wires 
may  actually  be  soldered  to  the 
coating.  Another  adaptation  of  the 
unit  is  in  the  production  of  mirrors 
by  evaporating  metals  such  as  alum- 


ISOt  ilSTON  AVI.,  CHICAGO  22,  ILL 

Maiwfocturan  of  »p«cial  small  univarsal, 
fracNonol  H.  f .  motors,  dynomators,  shaded 
polo  motors,  hootor  motors,  twwrotors. 
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alcohol,  stack  gases,  weather,  etc.;  an 
excellent  dielectric  constant  value,  and 
high  tensile  strength  of  3500  to  5000 
lbs.  per  sq.  in.  Add  to  these  Acadia's 
wide  experience  in  the  plastics  field,  and 
you  have  the  reasons  why  Acadia  Poly* 
styrene  merits  your  investigation. 

Complct*  d«t4ila  »im  availabU  oa  nquMt— lot  quiok  rol* 
•ronco  aomo  oi  Polyatyrono'a  outataadinq  valuoa  at* 
qivaa  haro: 

Diolaotrio  Coaataat . 2.5  to  2.6  at  fioguoaeioa  10* 

Powor  Factor,  60  cyoloa„ . 0001  to  .0003 

10*  cyeUa . 0001  to  .0003 

10*  eyeloa . 0001  to  .0008 

Dioloetrio  Straaqth,  Volta/Mll  U"  thiokaoaa 

Short  timo  800  to  700 
Stop  by  Stop  480  to  600 

Volumo  Roaiatioity,  ohma>oiaa .  10*^  to  10‘* 

Hoot  Roaiataaco .  180*Fto280*F 

Sohoaiag^Poiat .  190*  F  to  280*  F 

Spocifio  Gravity .  1.08 
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•  For  any  electrical  application,  Acadia 
Polystyrene  is  the  outstanding  plastic  in 
the  field.  Combining  highly  desirable 
electrical  properties,  Acadia  Polystyrene 
offers  dielectric  strength  and  power 
factor  superior  to  any  other  commercial 
plastic,  and  comparing  favorably  with 
mica  and  ceramics. 

Compression  molded  sheets  of  Acadia 
Polystyrene  have  properties  superior  to 
sheets  fabricated  by  other  methods  — 
no  shrinkage  at  normal  temperatures 
—  better  heat  resistance. 

Consider  also  these  additional  values: 
zero  water  absorption;  relative  freedom 
from  adverse  effects  by  acids,  alkalies. 


/Joadeui  "iS" 

Raxibla  at— 100*F  and  haa 
atay  oi  tha  alactrical  pxopar* 
Vm  oi  Polyatyrana.  Idaaf  ior 
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jwaa-  Wiita  ior  iniormation  on 
hiaa  now  availabla,  and  data 
•I  pkyaical  and  alactrical 
po^rtiaa. 

70%Um  *Jotla4f, 

j*ad  lor  complata  data  giving 
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■Patiiicationa  on  ita  alactrical 
P'^paitiaa. 
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Resonance  Meter 


MW-70  DESIGNATES  a  resonance 
meter  for  use  in  studying  u-h-f 
phenomena  in  the  laboratory  or  in 
the  field.  It  is  for  use  in  determining 
resonance  and  r-f  energy  in  oscil¬ 
lators  and  transmitters;  tank  cir¬ 
cuits,  antenna  systems,  coupling 
networks  and  transmission  lines. 
The  instrument  is  designed  around 
a  high  Q  concentric  resonance  cham- 
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inum,  chromium,  silver,  gold  and 
rhodium  on  the  surface  of  glass. 
Many  applications  of  evaporated 
films  on  both  conductors  and  di¬ 
electrics  are  being  studied  by  The 
Vacuum  Engineering  Division  of 
National  Research  Corp.,  Boston 
15,  Mass. 


High-Voltage  Capacitors 

Type  26-P  capacitors  are  for  use  in 
high  temperatures,  and  high  volt¬ 
age  applications.  A  special  oil-im¬ 
pregnation,'  called  Vitamin  Q  is 
used.  Standard  types  include  her¬ 
metically-sealed,  rectangular  metal 
container  capacitors  in  styles  for 


95  deg  C  and  106  deg  C,  continuous 
operation,  and  in  d-c  rated  voltages 
ranging  from  1000  to  16,000.  Other 
types  include  46-P  hermetically 
sealed  in  glass  shells  with  metal 
end  caps. 

Sprague  Electric  Co.,  North 
Adams,  Mass. 
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TECHNICAL  NOTES 

E»C€r^$  from  Nett  Home  Study 
Leteona  Being  Prepared  under  the 
Direction  of  the  CREI  Director  of 
Engineering  Tewtt 


Radiomen  I 

CREi  Otterm  Another 
imtereeting  Teehnlehl 
Dieruftnion  on  WJeem  ot 

THE  CATHODE  HAY 
OSCILLOSCOPE 

Sent  Free  On  Reqnemt 

Readers  of  this  column  each  month 
have  been  hearty  in  their  praise  of 
the  interesting  technical  articles  writ¬ 
ten  each  month  by  the  CREI  Director 
of  Engineering  Texts,  Mr.  Albert 
Preisman.  Th^  articles  appear  in 
our  popular  monthly  paper,  the  “CREI 
NEWS.**  ^ 

In  the  May  issue  of  the  “CREI 
NEWS,**  Mr.  Preisman  has  prepared 
a  relatively  elementary,  but  highly 
practical  discussion  of  some  of  the 
many  uses  of  the  Cathode  Ray  Oscil¬ 
loscope.  Many  men  in  the  armed 
forcM  have  had  occasion  to  employ 
Cathode  Ray  Oscilloscopes  in  special, 
and  usually  secret,  military  devices. 
Many  have  written  to  CREI  and  re¬ 
quested  that  some  of  the  ordinary  uses 
of  the  Oscilloscope  be  described — par¬ 
ticularly  some  of  the  features  that  are 
not  generally  discussed  in  text  hooks. 
The  forthcoming  article  aims  to  meet 
this  request  and  it  is  felt  that  a  large 
number  of  radiomen  will  want  to  read 
it. 

If  you  are  not  already  on  the  mailing 
list  to  receive  the  “CREI  NEWS,” 
write  at  once  to  the  address  below  and 
ask  for  your  free  copy  of  the  May  issue 
which  includes  the  article  on  the  Oscil¬ 
loscope.  All  subsequent  issues  will  be 
sent  to  you  regularly  without  charge 
.  .  .  and,  of  course,  without  obligation. 

★  ★  ★ 

The  subject  of  ‘^Cathode  Bay 
OoclUosooi»es’'  Is  but  one  of 
many  that  are  belna  con¬ 
stantly  revised  and  added  to 
CREI  lessons  by  A.  Preisman, 
Director  of  Enalneerina  Texto 
under  the  personal  supervi¬ 
sion  of  CRUi  President.  E.  H. 
Rletske,  CREI  home  study 
courses  are  of  colleae  calibre 
for  the  professional  enrlneer 
and  technician  who  recoanlses 
CREI  tralnlnr  as  a  proved 
puoaram  for  personal  ad¬ 
vancement  In  the  field  of 
Badlo-EIectronIcs.  Complete 
details  of  the  home  study 
courses  sent  on  request. 

CAPITOL  RADIO 

BNeiNERBINC  INSVITITTE 

E.  H.  RIETZKE,  Pimident 
Hosts  Study  Ctmrm*  <s  Pruetieul  Radio- 
EUetromiet  Emgluaariug  for  ProfouUmol 
Solf-lmprovomont 

T>0VU  E-5,  3224— 16th  St.,  N.W. 

WA8HQVGTON  10,  D.  C. 

Csalractsrs  to  Ihs  U.  S.  Navy— U.  S.  Coa«t 
Cnsfd  Csasdtss  BreadcstUag  Cofp. — 
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Just  Cool  Me  Off  With  Flux 


^TPleal  of  tho  many  variotiM  of  Por- 
Magnota  doaiqnod  and  mod* 
®T  Claaudagraph. 


% 


s-oc-s 


•  It's  a  funny  thing  about  magnet  metals.  Take 
ALNICO-V  for  example.  You  can  design  the  mag¬ 
net  scientifically,  cost  it  of  the  metal  perfectly, 
grind  it  to  final  shape  with  every  core,  heat  treat 
,  it  according  to  all  the  rules  and  regulations  and 
then  give  it  the  usual  shot  of  juice.  Yes,  you'll  get 
some  magnetic  power.  But  quench  it  in  a  field 
through  which  magnetic  rays  ore  shooting  and  you 
get  some  astonishing  results.  You  get  a  real  He- 
Magnet,  not  just  a  namby  paznby  one  that  couldn't 
lift  a  horseshoe  nail. 


Yes,  magnet  metals  ore  mysterious  things  but 
our  engineers  know  about  all  there  is  known  about 
them  to  date.  We'll  be  glad  to  apply  our  knowl¬ 
edge  to  the  design  and  manufacture  of  your 
magnet. 


CINAUDAGRAPH 


CORPORATION 


2  S«ll«ck  Straat 


RONICS  — Moy  1945 


I 


■  <i 


Bxtiusively  IRON  CORES 

used  wherever  performance  counts 

Millions  oi  FERRO-  ION  LAND,  ON  SEA 

CART  cores  are  serv-  and  in  the 

in^  enrectively  and  ef-  # 

ficiently  wherever  per-  f"  AIR 

formance  counts.  Used  I 

by  leading  manufac-  \ 

turers  of  conununica- 

tion  and  electronic 

equipment,  especially  in  radio  and 

transmitters,  ultra  high  frequencies, 

particularly  for  R.F.  and  l.F.  coils,  and  R.F. 
filters.  Each  core  is  precision-made  of  the  finest 
materials  and  rigidly  tested.  Molded  . . .  light .  . . 
uniform  permeabili^.  Our  engineering  staff  of  core 
specialists  and  laboratory  facilities  are  available  for 
helping  to  meet  your  specific  requirements. 

FERROCART  CORPORATION  OF  AMERICA 

Plant  oa4  Lakarmtary:  HASTINOS-ON-HUDSON  S.  NEW  YORK 
Indianapoia:  IM  E.  Mh  St.,  QiMittar  Bm. 

JanklNtawn,  Pa.:  P.  0.  Box  246,  0.  M.  Hilliard. 

Montraal:  t95  St.  Janet  St..  Wett.,  W.  T.  Hawet. 

Kansas  City,  Mo.;  Broadway  at  34th  St.,  E.  W.  MeGrads. 

Chleaio,  III.:  S40  North  MlMlian  Ava.,  Ray  E.  Barf. 

Chleofo,  III.:  S40  North  Mlehlian  A*o  ,  E.  C.  WInkenwerder. 

Aaaociotad  with  laodiag  RJIDIO  PABTS  mcmuiacturars 


ber  whose  center  conductor  is  made 
variable  through  the  use  of  a  rack 
and  spur  gear.  A  small  plug  in  the 
pickup  antenna  is  optimum  coupled 
to  the  center  conductor.  Rectifica¬ 
tion  is  obtained  with  a  miniature 
crystal  cartridge.  Indication  of 
resonance  is  directly  indicated  on  a 
d-c  microammeter. 

Erco  Radio  Laboratories,  Inc., 
Hempstead,  N.  Y. 


New  Chemical  Compound 

A  NEW  CHEMICAL  compound,  Sty- 
raloy,  is  a  cross  between  plastics, 
rubber  and  wood.  A  new  million 
dollar  plant  is  to  be  built  to  manu¬ 
facture  the  material  on  a  mass  pro¬ 
duction  basis.  The  material  is  light 
enough  to  float  on  water,  it  has 
good  electrical  properties,  can  be 
worked  like  wood,  and  molds  lik( 
plastics.  Its  electrical  properties 
are  low  loss,  low  capacitance  and 
high  dielectric  strength.  It  is  be¬ 
ing  used  as  kn  insulator  in  anten¬ 
nas. 

Dow  Chemical  Co.,  Midland,  Mich. 


A  FAN 

OR  EUCTRONn^LICATIONS? 


Link  Joint 

This  manufacturer  uses  solid 
shafting  and  no  flexing  or  backlash 
to  achieve  accurate  remote  control 
in  a  new  link  joint.  The  joint  fea¬ 
tures  an  adjustable  link  mechanism 
to  transmit  rotary  motion  around 
and  it  permits  operation  of 


Modal  6  B—d'A"  high  10"  llgolto  Modal 

•  Standard  types  of  fans  adapted  to  it  is  possible  that  the  size,  capacity  or 
your  needs  ...  or  special  fans  engi-  mounting  arrangement  you  require  is 
neered  to  order  . . .  BOTH  are  avail-  already  in  production.  Write  giving  de- 
able  from  ILG!  With  the  thousands  of  tails  of  your  problem  or  phone  nearby 
1 LC  products  in  use  by  the  U.  S.  Signal  Branch  Office  (consult  classified  direc- 
CorpSfMaritimeCommissionandNavy  tory)  for  competent  engineering  help. 


corners, 

shafts  at  angles  adjustable  from  a 
straight  line  to  a  right  angle  of  90 
deg.  The  joint  is  mounted  by  meaw 
of  three  screws  which  hold  it  m 
position.  The  bearing  arm  holdin? 
the  adjustable  shaft  may  be  hinged 
to  any  desired  position  from  zero  to 
90  degrees  and  when  in  its  propd 
location,  a  locking  screw  perma¬ 
nently  holds  its  position.  The  unit 


ILO  ELECTRIC  VENTILATINO  CO.,  CHICAGO  41,  ILL 
2862  No.  Crawford  Ava.  a  Officot  In  38  Principal  CKies 


VITALIZED  VENTILATION 


ELECTRONK 


TYPICAL  CIRCUITS 


Vtf  T  YOUB  NAVr 

•  •  '  f 

fNTIRf  BlUt  NFT/rfOP'< 
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CK-1089 


•  Outstanding  recent  developments  by  Raytheon’s 
research  laboratories  are  two  visual-glow  cold 
cathode  thyratrons,  types  CK-1089  and  CK-1090. 

The  former  is  a  tetrode  incorporating  two  staner 
electrodes  and  so  can  be  operated  from  a  balanced 
line,  whereas  the  latter  is  a  triode  with  a  single  starter 
electrode  for  grounded  line  or  unbalanced  operation. 
In  addition  to  normal  grid  controlled  thyratron  per- 
formance,  these  neon-filled  tubes  are  engineered  to 
produce  a  good  visual  glow  near  the  top  of  the  bulb. 

This  characteristic,  and  their  small  size,  make  them 
admirably  adaptable  to  telephone  sw'itchboard  appli¬ 
cations  where  they  can  be  wired  directly  as  a  combined 
relay  and  indicator  lunp.  It  is  also  possible  to  actuate 
a  separate  relay  in  the  anode  circuit  by  the  initiation  of 
plate  current,  which,  of  course,  is  coincident  with  the 
glow.  The  resulting  simplicity  and  the  reduction  in 
weight  and  size  are  highly  desirable.  Thousands  of 
Raytheon  CK-1089  and  CK-IOSH)  tubes  are  now  giving 
dependable  service  in  just  such  an  application — even 
under  the  worst  climatic  conditions.  Convincing  proof, 
indeed,  that  Raytheon  builds  fine  tubes . . .  tubes  that 
you  should  consider  for  your  postwar  products! 


RAYTHEON 

RADIO  RECEIVING  TUBE  DIVISION 

Newton,  Matt.  •  Lot  Angeles  -  New  York  •  Chicago  •  Atlanta 


CK-1090 


R  =r  CurrgnI  limiting  ratitlanc*.  L  =  Raloy  coil  if  uiod. 


SRICIFICATIONS  OF  CK.10I9  AND  CK-1090 

Mlnlmgm  FmIi  An«d«  Irook^wii  Vollof*  (N* 

SigiMl)  235  volts 

fook  Pofltlvo  Stortof'Anodo  Irookdown  Vetloto  ) 

Across  Stortof  Eloctrodos  oo  CK-IOSt  V 

Sto-tor  Eloctrodo  to  Cothodo  on  CK-1090  ) 

Approalmofo  Stortor  EloctroOo  Voltogo  Drop  90  volt| 

MoxImoM  Pook  Cothodo  Curront  30  mo 

ASoxImum  Avorofo  Cothodo  CwrronI  15  mo 


All  Poor  Divisions 
Hovo  loon  Awordod 
Army-Navy  "E" 
with  Stors 


BIVOTID  to  RISIARCM  and  TMI  MANUFACTURI  or  TURIS  FOR  THI  NIW  IRA  OF  IIICTRONICS 
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SWITCH  BOX  COVER  made  from  ilamp- 
ings  and  parti  brazed  with  EASY -ELO. 


oetfer.  Faster 

PRODUCTION  OP 

Eleeirical 


SUrPOS 

eAsy^no. 


SWITCH  JAW  assembly  fabricafed 


by  cASY-PLO  brazing 


>  OUTSIDE  OlAfdETER  036  IN 


BETTER  production,  becouso  these 
two  iow-temperoture  silver  brazing 
alloys,  originated  by  Handy  &  Harman, 
provide  joints  with  the  special  proper¬ 
ties  essential  to  electrical  applications. 
On  gtrucfural  work,  both  SIL-FOS  and 
EASY-FLO  make  joints  that  have  high 
strength  plus  the  ductility  to  stand 
severe  stresses  and  strains.  On  e/ectr/- 
eal  work,  both  alloys  make  joints  that 
equal  the  usual  current-carrying  metals 
in  conductivity  and  corrosion  resistance. 

PASTER  production,  because  of  the 
low  working  temperatures  of  SIL-FOS 
(t300"F)  and  EASY-FLO  (n75“F)  and 
their  extreme  fluidity  —  factors  which 
also  bring  down  metal  joining  costs. 

Oir  DBJAILS  IN  BULLETIN  13-4 

InvMtigat*  th«  product-improving,  production- 
boosting,  cost-cutting  pouibilitios  of  SIL-FOS  and 
EASY-FLO  brazing.  BULLETIN 
givos  you  tho  comploto 
story.  Writs  for  a  copy— now. 


HAMIY  X  H/\KM\M 

82  FUITON  ST..  NEW  YORK  7,  N.  Y. 

Ml  .1.  Co' 


Agenti  in  Principal  Cities 


can  be  used  for  hand  operation  and 
slow  speed  power  drives  in  the  con¬ 
trol  of  electrical  switchboards,  ra¬ 
dios,  automatic  machinery  and 
other  mechanical  devices.  Another 
feature  is  the  fact  that  the  output 
shaft  turns  in  exact  angular  rota¬ 
tion  as  the  input  shaft,  giving  an 
input  turning  angle  equivalent  to 
the  output  turning  angle,  when 
used  in  dial  setting  operations. 
Bulletin  No.  45  is  available  on  this 
subject. 

Piezoelectric  Corp.,  110  East  42 
St.,  New  York  18,  N.  Y. 

Insulation  Resistance  Tester 

This  tester,  Vibrotest  Model  238, 
is  a  new  crankless  instrument.  The 
indicating  instrument  (permanently 
mounted  within  the  unit)  is  a 
spotlight  galvanometer  having  a 
100  millimeter  scale  calibrated  from 
zero  to  20,000  megohms,  direct  read¬ 
ing,  at  a  potential  of  500  volts  d.c. 


Power  is  obtained  from  self-con¬ 
tained  batteries.  A  guard  circuit 
(connected  to  the  unit)  is  supplied 
as  protection  on  high  ranges.  Di¬ 
mensions  are  16  x  11  x  9  in.  Weight 
is  24i  lb. 

Associated  Research,  Inc.,  231  S. 
Green  St.,  Chicago  7,  Ill. 


Improved  Oscillograph 

Design  changes  and  refinements 
have  been  made  in  Model  208-B  os- 


This  photo  of  typical  construction  is  absolutoly 
unrotouchod 

Voltage  Breakdown  —  7000  Volts 

(For  spiraled  section  shown  in  photograph 
after  5  minutes  in  water) 

Insulation  Resistance— 30  Megs.  Per  1000 
Ft.  at  60°  F.  (After  72  hrs.  in  water) 

SURCO-AMERICAN 

■ 

THINWALL  WRAP 

PLASTIC  INSULATED  FINE  WIRE 

UNBELIEVABLY  THIN 

Surco-American  Thinwall  Wrap  is  the 
first  uniformly  high  quality  fine  wire, 
with  extruded  plastic  insulation  ond 
flame  proofed  yarn  serving,  available 
to  industry.  Surco-American  Thinwall 
Wrap  is  characterized  by: 

.  High  dielectric  properties 
Maximum  saving  in  space  and  weight 
Unlimited  coding  and  identification 
High  temperature  operation 
Excellent  abrasion  resistance  and 
toughness 

Maximum  protection  against  damage 
by  soldering  iron 

Unusual  flexibility  at  below  freezing 
temperatures 
*  Flameproof  qualities 

Good  end  and  spot-stripping 
characteristics 
Low  cost 

Surco-American  Thinwall  Wrap  is  avail¬ 
able  in  a  wide  variety  of  formulations 
finer  sizes  of  wire  and  thinner  insulo- 
tions  than  shown  above,  for  use  where 
maximum  performance  under  specific 
operating  conditions  is  required. 


Dept.  C  84  Purchase  St.,  Boston  1 0,  Mass. 


Typ*  C-4351  Tk«rmoatal.  Uaad  for 
Tub*  Wamiiig,  Tub*  Cooling,  High 
Limit  Controb,  ole. 


Typo  RT  Tboimootot.  AdJuaUblo 
Tomporaturb  Control. 


Typo  PM  (NAr-1131)  Circuit 
Broakor 


ASSURES  TROUBLE-rRBE  CONTROL  or  PROTECTION 


The  reason  for  the  relieJ^ility  of  operation 
^  Klixon  Controls  lies  in  the  simple  Spencer 
fliermostatic  disc.  This  foolproof  actuating 
•^®nient  snaps  to  a  quick,  clean  "break” 
or  solid  "make”.  Its  accurate  operation  is 
owffected  by  shock,  motion,  vibration  or 
*^de  ...  no  matter  how  often  the  disc 
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^2mdard  types  and  ratings  to  meet  practi- 
cedly  every  control  or  protection  requirement 
such  as 'motor  or  transformer  overheat  pro¬ 
tection,  electrical  circuit  overload  protec¬ 
tion,  thermal  time  delays  or  temperature 
control  for  radio  equipment.  Write  for  com¬ 
plete  information  today. 


SPENCER  THERMOSTAT  CO..  ATTLEBORO.  MASS. 


Typ*  B-3120  Th«rmo«tat  and 
Haatar,  Cryatal  Daw  Point  Control 


Typa  C-2851  Tharmoatat  Tor  such 
uaa  aa  Roughing  Contiola  on  Outar 
Cryatal  Ovana. 


Typa  ER  Sanaa.  Ambiant  Compan- 
aatad  Tima  Dalayad  Ralayt. 


This 

‘‘Business  End” 


in  KLIXON 
Disc-Operated 
Controls 


/ 


THAT  GIVES  YOU 
EVERYTHING' 


Supreme  Instruments 
V  s  A. 


Creenwood,  Miis. 


cillograph  to  make  it  more  rugged 
and  dependable  in  field  service  and 
in  rough  handling.  Some  of  the 
changes  in  the  instrument  include 
the  use  of  mineral  oil  impregnated, 
hermetically  sealed,  paper  capaci¬ 
tors;  high-voltage  wire;  tube 
changes;  inclusion  of  a  frequency- 
range  adjustment  potentiometer  in 
the  time  base ;  addition  of  mounting 
straps  on  capacitors;  tube  clamps; 
and  certain  mechanical  changes. 

Allen  B.  DuMont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 


BELL 


MAY  HAVE 
THE  “Key” 
TO  YOUH 
ELECTRONICS 
NEEDS 


Design  proven  by  over  5  years  pro¬ 
duction  of  thousands  of  this  model. 

'Ar  Operation  as  simple  as  ABC.  Multi¬ 
section  push-button  switches  do  all 
work.  Simply  "follow  the  arrows" 
for  tube  checking.  No  roaming  test 
leads  for  the  multimeter. 

^  Open  face  wide  scale  4'^-inch 
rugged  meter  built  especially  for 
this  tester— 500  microampere  sensi¬ 
tivity. 

'A  Each  AC  and  DC  range  individu¬ 
ally  calibrated. 

'A  Professional  appearance.  Solid 
golden  oak  carrying  case. 

A  Guaranteed  Rectifier. 


Capacitors 

Fixed  ceramic-dielectric  capacitors 
which  conform  to  joint  Army-Navy 
specifications  are  available  in  quan¬ 
tities  in  preferred  temperature  co- 


The  right  use  of  elec- 
tronicB  may  unlock 
new  possibilities  for 
your  postwar  product,  or  open 
the  way  to  new  efficiency  on 
your  production  line.  Bell  engi¬ 
neers  may  hare  the  key  —  the 
electronic  onswer  —  to  your 
needs  I  BELL's  wide  experience 
in  designing  and  building  elec¬ 
tronic  assemblies  and  controls  — 
from  the  earliest  developments 
right  through  to  the  latest  types 
—  qualifies  them  to  serve  you. 
Your  inquiry  will  not  obligate 
you  in  any  way. 


SPECIFICATIONS 


DC  MILLIAMPERES; 

0-2.S-10-S0-250 
OC  AMPERES 
O-S-tO 

OC  VOLTS— 1000  OHMS  PER  VOLTi 
0-S-2S-100-2SO-500-1000-2SOO 

AC  VOLTS 

0-S.10-S0-2S0-1000 

OUTPUT  VOLTS: 

O-S-1O-SO-2S0-1O0O 

OHMMETER: 

0-200-2000-20.000  OHMS 
0-2-20  MEGOHMS 

BATTERY  TEST: 

Check  Dry  Portable  "A"  and  "B”  Bat¬ 
teries  Under  Load 

CONDENSER  CHECK; 

Electrolytles  checked  on  English  Reading 
Scale  at  Rated  voltaxes  ol  2S-50-100- 
2OO-2S0-30O-4SO  volts. 

TUBE  TESTER: 

Emission  type  with  noise  test.  floatlM 
filaments,  easy  chart  operation.  Checks 
all  receiving  type  tubes. 

POWER  SUPPLY: 

tlS  volts  60  cycle.  Special  voltage  and 
frequency  upon  request. 


efficients  for  any  capacitance  un¬ 
der  designations  of  GC20,  CC25, 
CC30,  CC35,  CC40  and  CC45. 

Micamold  Radio  Corp.,  1087 
Flushing  Ave.,  Brooklyn  6,  N.  Y. 


AMONG  PRESENT  BELL  PROD¬ 
UCTS  ARE  —  Elsctronic  Sound 
Devices  —  Intercommunicating 
Systems — Industrial  Voice-Paging 
and  Broadcasting  Equipment  — 
Permanent  and  Portable  Amplify¬ 
ing  Systems — ^Recording  and  Disc 
Playing  Units  — 
^  Electronic  Controls 
— Operating  Se- 
quence  Recorders 
*  ^  —  Other  Special 

Devices. 


Portable  Amplifier 

For  a  wide  variety  of  applications 
there  is  a  new,  portable  30-watt  am¬ 
plifier  (designated  as  W-J)  which 
is  being  manufactured  by  Walker- 
Jimieson  (distributors  of  electronic 
and  radio  equipment).  The  unit  is 
distortionless  and  humless.  It  oper¬ 
ates  on  110-volt,  60-cycles,  ac.  Out¬ 
put  impedances  of  4,  6,  8  and  500- 
ohms  may  be  selected  at  will.  Fre- 


BELL  SOUND  SYSTEMS,  INC 

1.119  Essex  Ave.  CelBRibBs  3,  Ohio 

Eipkrt  Off.  4900  Euclid  Art.,  Clttclind  3,  Ohi« 


electronk 


^  ^  /  ‘  ■  l.i  ‘  * 


quency  response  is  50-10,000  cycles. 
Record  gain  is  69  db,  and  the  mike 
gain  is  116  db.  Units  come  in  steel 
cabinets  which  measure  17  x  lOJ  x 
19i  in.  311  South  Western  Ave., 
Chicago  12,  Ill. 


Crystal  Holders 

An  important  feature  of  this  line. 
No.  FT-243,  crystal  holders,  which 
have  passed  all  Signal  Corps  tests, 
is  the  fact  that  they  prevent  de¬ 
terioration  of  the  crystal  by  repell¬ 
ing  water  vapor  when  used  under 
tropical  conditions. 

National  Electronic  Mfg.  Corp., 
22-78  Steinway  St.,  Lon^  Island 
City,  N.  Y. 


was  quits 

obottf  It  tine*.-'  ■  *’ 

In  o  Keld-lfold  Alfittm 
Iciiewn  on  tftMi  foco  of  tho^ooiil^ 
for  tostiiHi  iSMi^/«r 
tfoiik  o^^pont.  TlpJtmpoii 
jNom  176  dofi.  7.  to  whip  94  < 
from  soa  lovoi  almophoriopp6 


tfiot  of  o  fropiocii  fungio  to  tho^^telnKH 
Mlioro  os  ropMly  os  a 
Hs  coiling.  ;  V  ;* 

Writ#  for  »^loflii  6^1 


G.E.  Instruments 

Four  new  types  of  instruments 
are  available  from  General  Electric 
Co.,  1  River  Road,  Schenectady  1, 
N.  Y. 

First,  there  is  a  new  line  of  2i-in. 
hermetically-sealed  panel  instru¬ 


ments  :  d-c  voltmeters  and  am¬ 
meters  and  a-c  r-f  ammeters,  which 
we  available  in  standard  ratings 
and  which  conform  to  performance 
requirements  of  ASA  Specifications 
C-39.2-1944.  Hermetic  sealing  is 
achieved  by  glass-to-metal  seals  and 
toldered  joints  so  that  the  instru¬ 
ments  are  unaffected  by  thermal  or 
mechanical  shock,  or  fatigue  vibra¬ 
tion.  Units  are  housed  in  steel  cases 
mid  are  immune  from  effects  of 


Hooting 

ChecM 
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MOSWITCHES 


throvfl^ 


joby  Incobotc^ 

THEWAOSV/trCHES. 


metsu 


iOCTiUJI 


Wrif»  for  eatahgum  and  eomphta  fafemiotten . . .  fo 


ASHLAND  •  MASS. 


Particular  washers 

FOR  FLFCTRONIC  PRODUCTS 

^uad/iO^ 

Quality 

WASHERS 


Preasion  engineered  for  stand¬ 
ard  or  special  requirements. 
Flat,  Irregular  Contour.  Finish¬ 
ing.  Tension,  Cupped 
and  Drawn,  Friction,  f^r 
Dished  Blanks,  etc.  ^ 
Wire  terminals.  K 

Prompt  daily-  /  Ir, 


SMAU 
STAMPINGS 
any  dMtqa. 


Ask  for  (^adriga  Catalog, 
Photos  and  valuable  washer 
data.  Send  specifications 
for  quotation. 


The  tUADMU  MFE.  CO. 

Incorporated  ISM  “Half  a  Century” 
22IA  Watt  Grand  Ave. 
CHICAGO  10.  ILL. 


This  Slaw  Jig  Spaads 
Radio  Assembly 

1 )  Holds  ehoMls  la  oay  petifloa  to  stop  ap  soldoriag  aad  all  othor  ossombly 
oporotloas.  2  aiodols  (frietloa  or  positivo  ladozlag  3*0*  aroaad  axis). 
2}  Adiastablo  to  oay  tiso  withia  baso  llailts  of  tho  {Ig.  Coaiot  la  5  stoadard 
sliot  (4",  *",  f”,  12"  or  15"  swiag),  or  will  naho  figs  to  yoar  spocMeo' 
Hoas. 

3)  Stardy,  rigid  coastroetloa. 

4)  Caa  bo  loadod  aad  aaloadod  la  two  socoads. 

5)  Prieos  start  at  $11.50. 

Marmmflaa  abaat  nr  Dummy  Uba$,  Pfa  StralgHtann,  PraelslM 
eogas.  Tost  mad  Adaptor  Hmg$  mod  otkor  Tools  Is  yoors  opoo  roqoosf. 


ROBERT  L.  STEDMAN  MACHINE  WORKS 

SPECIALISTS  IN  MASS  PRODUCTION  TOOLS 

OYSTER  BAY,  LONG  ISLAND  NEW  YORK 


immediate  Deliverift 

WIDE  RANGE 
VACriJM  TUBE 
VOLTMETERS 


•  Hij^  input  impedance  lot  both  AC  and 
DC  measurements. 

•  Convenient,  low  capacity  “Probe,”  tt- 
pecially  adapted  to  high  frequency  radio 
use — 100  megacycles  and  over. 

•  Mf-regulating  operation  from  power 
line;  no  batteries. 

•  Multiple  voltage  ranges  —  accurate  and 
stable. 

BULLETIN  ON  REQUEST 

'ALFRED  W.  BARBER 
LABORATORIES 
34*04  Praacis  Lawls  llvd.  Ftashlag.  N.  Y. 

Nay  7945  — ELECTRONICS 


Concord 


(muM  J 


r,o** 


AJdrtm. 


moisture,  humidity,  chemical  fumes, 
jind  other  harmful  agents.  They  are 
made  for  flush  mounting  on  non- 
mtfnetic  or  steel  panels. 

The  second  instrument  is  Tyi)e 
pS^,  a  new  self-contained  regu¬ 


lated  power  supply  which  will  hold 
k  output  voltage  constant  at  any 
sdected  value,  within  the  range  of 
160  to  1600  V,  regardless  of  mod¬ 
erately  large  or  rapid  changes  in 
the  load  current.  The  unit  has  a 
low  internal  a-c  impedance  useful 
as  a  power  supply  for  devices  re¬ 
quiring  practical  elimination  of 
common  coupling.  Units  may  be 
used  as  component  parts  or  as  gen¬ 
eral  purpose  gadgets,  or  as  d-c  sup- 
plj  for  micro-wave  oscillators,  or 
for  photoelectric  multiplier  tubes. 

A  new  beat-frequency  audio  os¬ 
cillator  (Type  AO-2)  simplifies 
measurements  of  audio  amplifiers 
and  radio  receiver  fidelity.  The  in¬ 
strument  can  also  be  used  for  test- 


loudspeakers,  for  frequency 
neasurements  or  calibration.  Cali¬ 
bration  is  direct.  The  unit  provides 
»  stable  sine  wave,  continuously 
’variable  frequency  from  25  to  15,- 
WO  cps.  A  panel  control  knob  regu- 
Istes  the  output  level  from  zero  to 
power  output.  Zero  beat  is  in¬ 
dicated  by  the  use  of  Type  6R5 
*icctron-ray  tube.  Maximum  output 
the  device  is  120  milliwatts  on 
ii**  cathode-follower  output  im- 
P*<lance  coupling  circuit. 

The  last  instrument  is  type 
^^JM)-3A  portable  oscilloscope  for 
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Send  For  CONCORD  S  New 

RADIO  PARTS 
BUYING-GUIDE 

HsFtee/ 


'k  Save  time.  Order  everything 
you  need  from  ONE  source. 

k  Many  ports  available  with¬ 
out  priorities,  for  immediate 
shipment  from  CHICAGO  or 
ATLANTA. 

k  BUYING-GUIDE  IncUides 
latest  revised  listings  of 
standard  lines. 

k  Also  contains  16-page  Spe¬ 
cial  Bargain  Section  of  many 
scarce  ports— all  standard 
quality,  all  exceptional 
volues. 


IgMDilPS  OF  num  UKE  UESE 
Imy  AMMA  PiforHy 


Power  TraesforoMr  I  I.  F.  TroesfenNer 


Pri.  110,S00,S90,S40 
VolH  50^  cyctot.  Sme. 
6.3@1.49A.SV@9A. 
376Vcl.@.095  $095 
A.  5M016.  .. 


10M«gacycl«l.  F.Tran$> 
(onMr  in  liMvy  olnmi* 
nwn  cm.  Shm  3%"  H, 
115  16"W.  $095 

IVh'D.StSOIT 


Telephoee  Switch 


PhoM  Jocks 


Lnvar  typ*  twitch  D.  P.  I  Switchboard  typo  9  dr- 
D.  T.  No  knob  tuppliod.  I  cuit  normqily  clotod. 


Doll  block  Rnith  with 
chrorno  dotod  CO#. 

lovor.  sMoae.Oyc 


Tokot  standard  tip  and 

SSStf?..  49e 


CONCORD 

RRDIO  CORPORnTION 

Riitllo 

CHICAGO  7,  III  ATLANTA  3,  GA 

901  W  JocUson  Blvd  365  P.othtr.-.-  Slf.-.-i 


Mail  Coupon  NOW 

Concord's  greet,  new  68-pege  Buying- 
Guide  includes  latest  1943  Revised 
listings  of  standard  lines  of  Condens- 
;ers.  Transformers,  Resistors,  Tubes, 
Test  Equipment,  Repair  and  Replace¬ 
ment  Parts,'  Tools,  and  hundreds  of 
other  essential  items.  Page  after  page 
of  top-quality  radio  and  electronic 
part^  and  a  special  l6-t>age  Bar^n 
Section  offering  hundreds  of  hard-to- 
get  parts  at  important  savings.  Mail 
coupon  now  for  your  FREE  copy. 

Quick  SkipnMnf 
fram  CHKAOO  or  ATLANTA 

Concord  carries  vast  stocks.  Concord 
ships  to  you  at  once  from  the  nearest 
shipping  warehouse,  CHICAGO  or 
Concord  invites  you  to 
consult  our  technical  experts  on  special 
requirements.  Concord  can  expedite 
any  “essendal"  order  and  spMd  action. 
Concord  now  serves  the  United  Sutes 
Government,  Institutions,  Industry— 
and  can  serve  YOU,  whether  you  want 
one  part  or  a  hundred.  Telephone, 
wire,  or  write  your  needs. 


,  CONCORD  RADIO 
,  CORPORATION 

I  901  W.  JpcksoB  Blvd..  r  XI  B 

I  I>ept.G-S^Chic»ao  7,  IlL  • 

I  Pltuc  RUSH  IREB  copy 
I  of  CONCORDES  MW  A. 

I  paa*  Bayina.GuMlc  aad  Rtvisod  Lisdoat. 
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CRYSTAL  MANUFACTURBStSt 


Here  is  a  NEW  Holder, 

approved  by  the  Signal  Corps 


NATIONAL  ELECTRONIC 
MANUFACTURING  CORP. 

22-78  STEINWAY  ST.,  LONG  ISLAND  CITY,  N.Y. 


NUMBERALL  STAMP  &  TOOL  CO 

HUGUrNOT  PARK  ST  AT!  N  I M  AND  1  7 ,  N  ’ 


gtodyin 

ijeots, 

idjustn 
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p^UILE-CHICK  SYSTEM 

#JE-I0 — Miniature  toelMt 


METAL-TO-GLASS  SEALS 

Intricate  glass  work  and  tubes 
made  to  your  specification 

The  Universal  X-Ray  plant  specializes  in  the  pro¬ 
duction  of  metal-to-glass  seals.  Intricate  glass  seals 
are  made  to  customers*  specifications  for  electronic 
tubes,  transformers,  resistors,  capacitors,  condens¬ 
ers,  vibrators,  switches,  relays,  instruments,  gauges, 
meters,  receivers,  transmitters,  and  other  scien¬ 
tific  apparatus. 

A  strong  metal-to-glass  bond  assures  imfailing 
protection  against  rust.  Corrosion,  and  extreme 
climatic  conditions  in  a  vacuum -tight  seaL  Good 
deliveries  can  be  made  on  volume  orders.  Submit 
your  metal-to-glass  seal  problems  to  the  Universal 
engineers  for  recommendations  and  estimates. 


alignmsnt  of  miniahnl 
sockst  contacts  durii| 
wiring.  Precision  eattol 
zinc  base  alloy — Pins  c( 
stainless  steel. 


^JE-12 —  (Hardened 
tool  steel  insert)  or 
JE-13  (Stainless  steel 
insert)  Miniature  tube 
p  i  n  straightener 
obtain  a  perfect  fit 
when  the  tube  is  j|H| 

placed  in  the  set. 

For  complete  Mermatlen 
aed  prices — write 

RADIO  ACCESSORY  DIVISION 


UNIVERSAL  X-RAY  PRODUCTS  INC 

1t00-A  N.  FRANCISCO  AVENUE  •  CHICAGO  47.  ILLINOI! 


NUMBERING  and 
LETTERING  PRESS 


Featuring  new  materials  and  designs,  the  new 
Nemco  Crystal  Holders  have  easily  passed 
every  test  to  which  they  have  been  subjected 
by  the  Signal  Corps,  and  crystal  manulao' 
turers. 

V  Nemco  Holders  are  designed  to  prevent 
^  deterioration  of  the  crystal  by  repelling 
R  water  vapor  under  tropical  conations. 

A  Because  we  specialize  in  the  manufacture 
of  Crystal  Holders  exclusively,  we  can 
give  you  the  quality  and  service  to  help 
speed  your  production. 

Write  for  samples  and  prices:  also  re- 
quest  quotations  on  your  requirements 
W  forimprintingholdersvdthmetallicink. 


nished  with  an  electric  heating  ele- 
ment,  and  rheostat  for  regulating 
heat.  All  figures  and  entire  alpha¬ 
bet  are  on  one  dial. 


Wa  alto  make  numbering  machines  .  .  > 
automatic  and  non-automatic  .  ,  • 
stamping,  either  hot  or  cold,  numbers 
end  letters  into  various  materials. 


electronics 


Qirn^ 


•TEM 

«r*  lock 
r  accttrah 

f  miniihri 
durii) 
ion  call  tl 
y— Pirn  d 
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unit  utilizes  a  906-Pl  cathode-ray 
tube  which  has  a  greenish  screen 
dttt  can  be  viewed  in  daylight.  Spe¬ 
cial  design  eliminates  a-c  ripple  from 
the  a-c  transformer  field  and  sharp¬ 
en  the  signal  picture.  Moderately 
hifh-speed  traces  can  be  photo- 
inraphed  on  the  screen.  The  unit 
haa  a  wide  range  sweep  circuit  fea¬ 
turing  a  linear  amplifier.  Sweep 
rates  are  from  10  to  30,000  per  sec¬ 
ond,  adjustable  by  a  7-point  vernier 
switch. 

4- 

Transmitting  Tube  Socket 

A  TRANSMITTING  TUBE  socket  (Cata¬ 
log  No.  244)  of  low-loss  steatite  con- 
stmction  is  designed  to  accom¬ 
modate  jumbo  4-prong  bases  of 
8008,  BR6,  GL146,  SG22,  GLI62  and 
GLI69  tubes.  The  socket  measures 
2i  X  2i  X  I  in.  thick.  A  one-piece 
base  construction  is  used.  Bosses 
are  molded  in  on  top  of  the  socket, 
and  are  ground  to  present  a  flat 
mounting  surface  underneath  a 


Ids  Tens'®" 


d  f^ted 


AC 


QUALITY 
CONTROL 

The  Case  Tests 


Careful  control  of  quality  in  essential  parts  is  good  in¬ 
surance  for  smooth  flowing  production  and  for  a  high 
calibre  product. 

Thus  Deep  Drawn,  Seamless  Steel  Cases,  an  essen¬ 
tial  part  of  many  Chicago  Transformers,  are  subjected 
to  precision  checks  for  case  dimensions,  pull  tests  for 
strength  of  spot  welds  in  internal  mounting  structures, 
and  inspection  for  electro-plating  thickness  with  care¬ 
fully  timed  acid  erosion. 

By  this  type  of  Quality  Control,  applied  in  every 
phase  of  manufucture,  uniformity  of  parts  is  maintained 
and  high  I  standards  of  quality  in  finished  Chicago 
Transformers  is  assured. 


CHICAGO  TRANSFORMER 

division  Of  ESSEX  WIRE  CORPORATION 

3501  WEST  ADDISON  STREET 

aft 

Vyir  CHICAGO,  18 


gtadying  wave  shapes  and  tran-i 
lieots,  measurement  of  modulation 
idjustment  of  radio  receivers  and 
truismitters,  the  determination  of 
peak  voltages,  and  the  tracing  of 
dectron  tube  characteristics.  The 


i  i 

t 
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WORCESTER,  MASSACHUSETTS 


An  Impregnating  Service 

WHICH 

PROTECTS 

STEATITE  CERAMIC  PARTS 
AGAINST 

MOISTURE  AOSORPTION 
AND  FUNGUS 
AHACK 


Literature 


Government  Contract  Termination 
Bulletin.  Joint  Army-Navy  Ter¬ 
mination  Regulations  to  be  used  by 
war  contractors  in  the  rapid  settle¬ 
ment  of  war  contracts.  Other 
printed  material  pertaining  to  con¬ 
tract  settlements  is  also  available. 
The  government  urgea  all  con¬ 
tractors  holding  war  contracts  to 
have  their  names  placed  on  the  mail¬ 
ing  list  for  the  Regulation  and  all 
subsequent  changes.  Write  to 
Joint  Army  -  Navy  Distribution 
Center,  Lt.  E.  P.  Lull,  90  Church 
St.,  New  York,  N.  Y. 


A  Little  Giant 
For  Business! 

Saves  carrying  a  lot 
of  tools . 

4  Single  Hex,  4  Double  Hex, 
3  Double  Square  Sockets. 
Range  3/16  to  7/16.  UnU 
'versol  Drive  with  Sliding  Bor 
a  Spintite  Straight  Drive  oil 
in  a  pocket  size  nicely  fin¬ 
ished  metal  box.  Ask  for  .  . 

Walden  Worcester 

and  3100 


Permanent  Magnets.  General  in¬ 
formation  regarding  the  composi¬ 
tion,  treatment,  and  properties  of 
magnetic  material  and  the  design 
and  testing  of  permanent  magnets 
are  treated  in  a  circular  of  the  Na¬ 
tional  Bureau  of  Standards  (C448). 
The  booklet  is  entitled,  “Permanent 
Magnets,”  by  Raymond  L.  Sanford, 
and  is  available  at  25  cents  from 
U.  S.  Government  Printing  Office, 
Superintendent  of  Documents, 
Washington  26,  D.  C. 


Norelco  Electronic  Products.  This 
8-page  booklet  is  really  a  general 
catalog  which  uses  little  space  to 
tell  much  about  such  products  as 
cathode-ray,  transmitting,  power 
and  amplifier  tubes;  quartz  crystal 
oscillator  plates ;  Searchray  (x-ray) 
inspection  units ;  Geiger-counter 
x-ray  Spectrometer ;  film-type  x-ray 
diffraction  equipment;  quartz  crys¬ 
tal  x-ray  analysis  unit;  metallurgi¬ 
cal  products  and  medical  x-ray 
equipment.  North  American  Phil¬ 
ips  Co.,  Inc.,  100  East  42nd  St., 
New  York  17,  N.  Y. 


This  new  method  for  waterproofing 
ceramic  surfaces  results  in  in¬ 
creased  electrical  resistance  and 
improved  performance  of  equip¬ 
ment  under  conditions  of  high  hu¬ 
midity  and  condensation.  Appli¬ 
cation  of  Dow-Corning  Fluid  No. 
200  to  ceramic  bodies  coats  them 
with  an  extremely  thin  film  of  sili¬ 
cone.  It  will  adhere  effectively 
even  when  immersed  for  days  i* 
sea  water  and  does  not  collect 
dust  or  corrode  metals;  nor  will  it 
react  with  organic  materials.  It  has 
a  power  factor  of  the  order  of 
.005%  and  is  effective  up  to 
I50°C.  It  also  acts  as  a  neutral 
flux  for  soldering,  and  is  not  re¬ 
moved  by  contact  with  organic  sol¬ 
vents.  For  further  applications  and 
engineering  data  write  or  phone. 


Electronic  Tubes.  This  20-page, 
loose-leaf  booklet  contains  dia¬ 
grams  and  specifications  of  such 
power  and  transmitting  tubes  as: 
Type  3-16  ballast;  Types  3B27, 
371-B,  836  and  8020  half-wave 
high-vacuum  rectifiers ;  Types 
866-A/866,  575-A,  872-A  and  8008 
half-wave  mercury-vapor  recti¬ 
fiers;  Types  100-TH  (tantalum 
anode),  811  and  812  (Zirconium- 
coated  anode),  and  808  transmit¬ 
ting  triodes ;  Types  EE-200  and 
EE-300  power  amplifier,  oscillator, 
class  B  modulators;  T}rpes  873  and 
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Two 

Combinations 


ELECTRONICS 


TO  REMEMBER  when 
you  want  GOOD  coils 

STflnUIVCK 

R.r.  cons 

AND  ASSOCIATED  ASSEMBLIES 

There  is  a  Stanwyck  coil  for  every  appli¬ 
cation  in  the  Radio  Frequency  Spectrum 
^oils  that  have  met  the  requirements 
of  war  and  which  will  meet  your  require¬ 
ments  when  the  war  is  won  .  .  .  Send  for 
folder  describing  our  line  and  facilities. 

STANWYCK  WINDING  CO. 


NEWBURGH 


NEW  YORK 


IMPROVED 

KELNOR 

REG.  U  .  S  .  PAT .  OFF. 

dcct%cc  SOLDERING  IRON 


about  '/> 
actual  size, 
weighs  Vi  lb. 


ELECTRO 


RADIO  A 
INSTRUMENT  i 

manufocturing  and 
repairing  fields 

Cosily  solders  hord-to-reoch  connectioMk  j 
Cuts  down  fatigue,  increoses  accuracy.  | 

•IDtR  FiaM  TOttI  iOBIR,  RR  lIRfet.  I 
*MULIFneU<  OmnUlTOWn,  IRNFRAMISMS  J 


■iyiot  MINBFtCTURINE  tOIIHHT3 

''Waea  Orderiag  Pleoae  Mention  Eleetroniea'' 

8LCCTRONICS  — Moy  1945 


LIGHT  WEIGHT 


LABORATORY  ACCURACY 


O  ARMORED  RUGGEDNESS 

For  the  past  1 0  years  H-B  Midget  Thermom¬ 
eters  have  been  installed  by  the  thousands.  Easy  to  read 
because  of  lens-front,  yellow  back  tube  and  scale  engroved 
on  glass.  Any  range  from  minus  30  to  plus  700°  F.  Made 
in  both  straight  and  angle  types,  weighing  but  5  and  7  ozs. 
respectively.  Straight  type,  9  In.  overall.  For  details,  write 
for  folder.  H-B  Instrument  Company,  2524  No.  Broad 
Street,  Philadelphia  32,  Pa. 


THERMOMnERS  •  THERMOSTATS  •  RELAYS 
THERMO-REGULATORS  •  HYDROMETERS 


INDUSTRIAL 
TUBE  TESTER 

This  instrument  provides  a 
simple,  efficient  method  of 
testing  various  types  of  thyratrons, 
now  widely  used  in  industrial  ap¬ 
plications.  Results  are  indicated 
visually  by  neon  lamps  so  that  the 
tester  can  be  operated  by  non¬ 
technical  personnel.  A  pre-heater 
rack,  installed  in  the  lid,  speeds  up 
the  process  of  testing.  The  unit  is 
semi-portable  for  maximvun  utility 
in  plant  use.  For  complete  infor¬ 
mation  write  to :  Electronics 
Department,  General  Electric, 

Schenectady  5,  New  York. 

Bmetronie  Measuring  Instruments 

GENERAL  ^  ELECTRIC 


For  wide 

COVERAGE 
and  maximum 

CLARITY 

in  noisy  areas... 


UNIVERSITY 

LABORATORIES 

725  VARICK  STREET 
NEW  YORK  14,  N.  Y. 


EE-17  half-wave,  mercury-vapor, 
grid  control,  recti  lers ;  Types  ’/74-A 
and  274-:^,  full  wave  high-vacuum 
rectifiers.  One  page  is  devoted  to 
Lhe  operation  of  E-E  mercury  va¬ 
por  rectifier  tubes.  Electronic  r'n- 
terprist.',  Inc.,  65-67  Seventh  Ave., 
Newark,  N.  J. 


Rel*  „  s.  .Aircraft  relays  illustrated 
and  df .scribed  in  a  12-page  bulletin 
(No.  30-D).  Dimensional  draw¬ 
ings  are  included.  A  quick  refer¬ 
ence  index  on  the  last  page  helps  to 
locate  specified  relays.  Hart  Mfg. 
Co.,  Hartford,  Conn. 


Square  Wave  Analysis.  “The  Tech¬ 
nique  of  Square  Wave  Analysis” 
is  the  title  of  a  4-page  folder  on 
this  subject.  Described  on  the  last 
page  of  the  folder  is  Model  71 
square  wave  generator.  Measure¬ 
ments  Corp.,  Boonton,  N.  J. 


Transformers,  Chokes,  Motor  Gen¬ 
erator.  Wyse  Laboratories  (211 
S.  Ludlow  St.,  Dayton  2,  Ohio) 
4-page  folder  announces  the  estab¬ 
lishment  of  a  department  for  the 
production  of  special  transformers 
and  chokes.  Several  pieces  of 
equipment  are  illustrated.  Another 
4-page  folder  from  Wyse  is  devoted 
to  a  brief  description  of  a  new, 
portable  MG-39  motor  generator 
built  for  U..S.  Signal  Corps  for 
testing  400-cycle  a-c  and  27-v  d-c 
instruments. 


RADIAL 
REFLEX  SPEAKERS 


Typ«  RLH  radial  rafltx  units  previd*  uni¬ 
form  360*  covorago  ovor  largo  noisy  aroas 
with  complot#  frtodom  from  blasting.  Por- 
foct  clarity  is  atsiirod  by  120  cycio  cutofF. 
Spocial  dofloctor  dosign  incroasos  rango 
ond'provonts  sound  concentration  below 
the  onit— distribution  is  uniform. 

Actual  tests  have  shown  'that  very  often 
one  UNIVERSITY  radial  reflex  unit  provides 
better  coverage  than  several  straight  pre¬ 
lectors  in  o  given  area.  Econemy  and  per¬ 
formance  are  often  thus  improved.  Type 
RPH  ond  RSH  ore  cHso  pvailable  with  cut¬ 
offs  of  ISO  and  ItO  cycles  respectively. 
All  units  con  be  equipped  with  UNIVER¬ 
SITY  driver  units  and  are  finished  with  con¬ 
venient  “U"  brocket  mounting.  Literoture 
on  request. 


Permeability  Tunitig,  Iron  Pow< 
ders. 


Incremental  Permeability 
Tuning”  is  the  title  of  an  article 
(reprinted  from  Radio)  by  W.  J. 
Polydoroif  describing  a  tuning  sys¬ 
tem  utilizing  incremental  perme¬ 
ability.  Applications  are  indicated. 
Another  piece  of  literature  con¬ 
tains  curves  establishing  the  rela¬ 
tion  between  the  effective  perme¬ 
ability  of  powdered  compressed 
cylindrical  cores  and  the  perme¬ 
ability  of  the  material  itself,  as 
measured  in  toroidal  coils  at  low 
flux  density.  Five  other  pieces  of 
literature  include  an  18-page  cata¬ 
log  entitled  “Carbonyl  Iron  Pow¬ 
ders;”  a  sheet  entitled  “Electro¬ 
magnetic  Characteristics  of  Vari¬ 
ous  Iron  Powders;”  2-pages  of  data 
giving  the  comparison  of  different 
grades  of  carbonyl  iron  powders 
manufactured;  and  finally  a  6-page 
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standardized  Special 
MOTORS  and  Gear  Motors 

As  m  result  of  80  years  snecUUxstlon  in  the  design 
and  manufacture  of  special  motors  and  gear  motors 
of  from  1/3000  to  1/3  h-p..  Speedway  has  dereloped 
not  only  a  rast  store  (rf  "know  how",  but  innumer¬ 
able  standardized  units  which  can  be  assembled 
and  wound  in  varying  combinations  to  give  shaded 
pole,  shimt  wound  or  series  wound  motors,  engi¬ 
neered  to  exactly  meet  specifled  requirements  of 
output,  torque,  space,  speed  and  even  cost. 

With  these  standardized  parts  and  units,  aug¬ 
mented  by  over  3000  different  gear  combiniations. 
Speedway  can  often  supply  highly  special  motors 
and  gear  motors  at  standard  motor  prices. 

If  you  have  a  war  or  post-war  motor  problem,  send 
for  the  Speedway  Motor  Catalog. 

Sample  Motors  of  types  now  in 
production  dailvered  promptly. 

SPEEDWAY  MFG.  CO. 

1898  South  Larami*  Av«.,  Cietro  50,  Illinois 


STAR 

STEATITE 

Has  Just  The  Characteristics 
You  Need  Far 

ELECTRONIC 

APPLICATIONS 

STAR  STEATITE  has  the  strength 
and  density  required  for  use  in 
high  frequency  electronic  applica¬ 
tions.  Millions  of  Steatite  insula¬ 
tors  are  in  use  in  the  armed  forces, 
insuring  free  communication  be¬ 
tween  fliers  and  control  towers, 
and  proper  functioning  of  radio 
beams. 

STAR  STEATITE  has  a  verv  desir¬ 
able  low  loss  factor.  Although 
extremely  rugged,  it  can  *  b^e 
molded  into  exact  shapes,  and  ma¬ 
chined  to  close  tolerances.  It  resists 
great  mechanical  shock  and  ex¬ 
treme  conditions  of  heat  and  hu¬ 
midity. 

Seed  for  Baohlet,  "Survey  of  Char¬ 
acteristics  of  Melded  Ceramic 
Products" 

The  STAR  PORCEUIN  CO. 

Electronics  Dept. 

Trenton  Now  Jersey 


Beg.U.S.  Pat.  Off. 


Self-Locking 

HOLLOW 

SET 

SCREW 


Save  SPACE.  WEIGHT 
and  WORRY 


'  Now  mada  In  glzat  to  imall  you  can  hardly  taa  tham,  yat  parfact  In 

Knurling  of  Socket  •vary  detail,  theta  "Unbrako"  talf-locking  tat  Kiwwt  are  Invaluable 

Scrawl  originated  I"  ^**a  ^a^*^  radio,  alactronici  and  fine  Initrumantt. 
with  '*Ui^rako'' 

yaart  ago.  The  knurled  cup  point  of  the  "Unbrako"  Hollow  Sat  Screw  digt  In 

___________  and  holdt  tight.  Vibration  potitivaly  will  not  lootan  It,  yat  It  It 

eaiily  removed  with  a  wrench,  and  may  ba  utad  over  and  over  again, 
i  Sizai  from  #0  to  I"  diameter.  All  commercial  langtht. 

Where  the  Knurled  Cup  Point  "Unbrako"  cannot  be  utad,  uia  our 
knurled  Thread  "Unbrako"— alto  a  Self-Locker  regardleti  of  tha  point. 

\  Send  for  the  "Unbrako"  Catalog  of  Socket.  Screw  Product!. 

STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA.  ROX  Sf« 
tBflWHlt 

BOSTON  a  DETBOIT  •  INOIANAPOLit  •  OHIOAOO  •  ST.  LOUIS  •  SAN  FBANOISSO 

OVER  40  YEARS  IN  lUSINESS 


Wodd  M I  FOOT  SWITCH 


Thit  AAodei  Ml  foot  padol  twitch  it  ideol  for  ipaady 
and  convenlant  foot  control  opplicationt.  Itt  In- 
dinod  treodle,  with  non-tlip  tread,  require!  only 
3/ld"  throw  with  approximately  5  poundt  prat* 
turo  for  operation.  Under  the  wdght  of  the  foot, 
contact  It  made  by  the  tiightett  pretture,  or  may 
be  maintained  by  the  weight  of  the  operator*! 
foot  alone. 

The  houting  and  top  pedal  tecHon  are  eatt  Iron, 

v 

te«del  a>ed»l  mi  wriMme 
•f  aee  ta  eltM  dfcvNi. 


flnMied  in  baked  enamel  wHh  Integral  catt  eon 
on  eoch  tide  for  tcrew  fattening  to  the  floor,  if 
detired.  Throw  of  top  treadle  b  readily  adiwtied 
by  meant  of  a  convenient  adjuttlng  tcrew. 

The  internal  contact  mechonitm  it  the  wellduiown, 
dependable  Aero  twitch  unit,  and  it  Underwriter 
Laboratory  approved.  Thit  it  a  bakelite  endoted 
ottemUy  with  tnop-oction,  tilver  contacb  de* 
tigned  for  milRont  of  tofo  and  tore  operatlent. 

eevell«bl«wHa  3  gel*  or 

t,  eitaWiiif  Hw  keitaiiee 


GENERAL  CONTROL  COMPANY 

1202  SOLDIERS  FIELD  ROAD  BOSTON  3'i  MAS 


ELECTRIC 


PLANTS 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


FOR  ANY  JOB 
—ANYWHERE 


Electricity 


★  ONAN  ELECTBIC  GENERATING  PLANTS 
•apply  rallobla.  •conomiccd  •toetric  smtIc* 
for  oloetronici  appUcottona  os  wall  at  for  ■coroa 
of  goaoral  uaoa. 

Drlron  by  Onan-boUt.  4-cyclo  goaoUno  onginoa. 
tboto  powor  oalta  art  of  alnglo-onit.  compoct  do- 
•iga  and  atordy  conatracttoa.  8uited>lo  for  mobilo. 
•totfOBory  or  omorgoncy  aorrico. 

Mod*/  tkown  It  from 
W2C  Mrimt,  2  and 
3-KW.  40-cyc/*,  115 

ro//;  powttnd  by  wo- 
toKooInd,  2‘Cfllndar 


"Modola-  ronga  from  350  to 
35,000  watU.  A.C.  typoa  from 
115  to  680  Tolta;  50.  60,  180 
cycloa.  ainglo  or  throo-phaae; 
400,  500,  ond  800  cycle,  tingle 
photo;  alto  apecial  freguenciea. 

D.C.  typea  range  from  6  to 
4000  Tolta. 

Dual  voltage  typea  availed>le. 

Write  for  engineering 
.  aaaiatance  or  detailed 

^  literature". 


3263  Royalaton  Ave. 
Minneapolis  5.  Minn. 


W.  ONAN  &  SOBfS 


An  Invitation  to  All  Electrical  Designers  to 


TRY  SILVER  GRAPHALLOY 


ROR  BRUSHES  FOR  CONTACTS 

High  current  dentity,  low  contact  drop,  low  Low  contact  reiistonce  ond  non-welding 
electrical  noise,  and  self-lubrication  ore  when  breaking  surge  currents  ore  inherent 
chorocteristics  of  this  silver-impregnoted  properties  of  this  unique  combination  of 
molded  graphite  thot  may  be  the  answer  conductive  silver  ond  self-lubricoting 
to  your  electrical  brush  problems.  graphite. 

SAMPLES  of  SIhar  Graphalloy  will  be  gladly  fvrnithad  for  test  on  your  appikatlont. 
S/fver  Graphalloy  It  utually  silver  plolod  la  pormil  easy  soldering  to  loaf 
ipringt  or  holdort.  Why  not  WRITE  NOW  for  your  test  tamplot? 


GRAPHITE  METALLIZING  CORPORATION 

I0S3NEPPEIHAII  AVE  •  VONKEIS,  NEW  YOAK 


folder  on  “Polectron”  products 
which  are  synthetic  organic  resins 
for  coating  and  impregnating  uses 
in  the  electrical  field.  General  Ani¬ 
line  &  Film  Gorp.,  Special  Products 
Sales  Dept.,  435  Hudson  St.,  New 
York  14,  N.  Y. 

Steatite  Insulators,  Bushings.  “De¬ 
sign  Criteria  for  Steatite  Insulat¬ 
ors”  is  the  title  of  a  concisely  writ¬ 
ten,  illustrated  booklet  which  is 
designed  to  give  manufacturers 
and  designers  an  opportunity  to 
become  familiar  with  the  mechan¬ 
ical  characteristics  of  Steatite  (a 
ceramic  body  composed  mainly  of 
talc)  for  use  as  an  insulator  on  h-f 
equipment. 

Another  piece  of  literature  called 
“Sealex  Bushings”  describes  her¬ 
metically-sealed  bushings  which 
withstand  severe  operating  condi¬ 
tions  encountered  in  military  com¬ 
munication  equipment. 

General  Ceramics  and  Steatite 
Corp,,  Keasbey,  N.  J. 

Variable  Capacitors.  A  32-page 
book  which  contains  unusually 
good  illustrations  and  brief  de- 
.scriptions  of  approximately  eight¬ 
een  types  of  capacitors,  as  well  as 
the  facilities  of  this  manufacturer 
to  produce  these  components.  The 
Hammarlund  Mfg.  Co.,  Inc.,  460 
West  34th  St.,  New  York  1,  N.  Y. 

Insulating  Varnishes.  Insulating 
varnishes  and  compounds  are  de¬ 
scribed  in  a  56-page  informative 
booklet  which  contains  many  help¬ 
ful  charts,  tables  and  articles  com¬ 
piled  for  the  purpose  of  providing 
a  direct  approach  to  insulating  var¬ 
nish  problems.  Four  pages  of  the 
booklet  are  devoted  to  a  short  his¬ 
tory  of  insulating  varnish.  The 
booklet  is  well  illustrated.  John  C. 
Dolph  Co.,  168  Emmett  St.,  New¬ 
ark,  N.  J. 

Electronic  Heating  Equipment.  A 
loose-leaf  catalog  entitled  “Indus¬ 
trial  High  Frequency  Heating 
Equipment”  contains  a  series  of 
bulletins  on  the  subject.  Bulletin 
No.  401  is  an  introduction  to  in¬ 
ductive  heating;  bulletin  No.  412 
tells  about  induction  furnaces; 
bulletin  No.  413  describes,  with  the 
aid  of  charts  and  pictures,  furnaces 
and  crucibles;  bulletin  No.  414  tells 
about  Trunnion-type  furnaces ; 
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your  copy. 


Simpf/fM 


IHSULATIOH  RESIST AHCe 
reSTIHG  IN  INDUSTRIAL 


Eieciroilies 


.  .  Provided  by 

V IBROTEST 

INSULATION  RESISTANCE 
TESTER 


ELECTRONICS— on*  of  th*  roTolutionory  factor* 
i*  tlactrical  industry— colls  for  most  accurat* 
Mstiaq  of  insulation  resistane*  in  most  proe- 
.'ieabl*  form.  VIBROTEST  bos  long  prorod  its 
,  d«p*ndabl*  precision  urith  sturdiest  construc- 
ti«B  — 

With  Synchronous  Vibrators  dependobl*  for  top 
ptriermonco  —  longest  serric*. 

Wiih  B*lf-contoiB*d  power  source.  2  Mo.  6  dry 
cells  of  bigbest  quality 
mounted  in  base.  (Re¬ 
placements  obtainable 
oaywher*). 

With  easiest  operation.* 
No  cronldnq. 
No  loToling. 


MODEL 
201 

On*  of  36 
Vibrotest 
Models, 
covering 
every  service 

301  for  general  duty  bos  a  range  of 
megohms  at  SOO  volts  potential.  0-2000 
«kBu.  150-300-600  volts  AC  or  DC.  Compact. 
2|Mil*.  portable.  Strong  metal  cos*,  complete 
cover  ond  leather  strop  handle  for  corry- 

5END  FOR  COMPLETE 
BULLETINS 

about  new  Model  238  calibrated  20'.000 
^ohiu  at  SOO  V.  DC.  ottaining  a  new  high 
■a  precision  insulation  resistance  testing  equip- 
"wt^Also  HYPOT  Insulotion  bretdrdown  tester. 
'OBOGROUND.  for  ground  resistance  measure- 
VOLTAMMETER  for  both  A.C.  voltage 
Qd  amperage,  etc.  Reseorcb  and  development 
*a6tn**ring. 

Engineering  Service  Representa¬ 
tives  in  Xu  Prineiptd  Cities 


Get  This  New  Booklet  on 

0eiUuM€icU 

FLOCK 


An  interesting  and  colorful  book¬ 
let  on  their  product  has  been  pre¬ 
pared  for  your  information  and 
convenience  by  the  makers  of  Cel- 
lusuede  Cotton  and  Rayon  Flock. 
Brief,  clear  explanations  give  all 
the  facts  you’ll  want  to  know  about 
this  versatile  coating  material;  what 
it  is  made  of;  how  it  is  applied;  how  it  can  be  used.  In  the  pages 
of  this  booklet  you  may  find  the  answer  to  one  of  your  manufactur¬ 
ing  problems.  You  will  be 
interested,  too,  in  the  col¬ 
orful  and  unique  applica¬ 
tion  of  Cellusuede  on  the 
booklet  cover.  Write  for 


JJIr^WOUHO 

PRESTO  ELECTRIC  COMPANY 


^  Soith  GreM  St,  Clieago  7,  111. 

1  Manufacturers  of  Signalling  Devices  UNION  CITY,  N. 
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Indtihlriul 


PLANT  and  OFFICES 


17  POLLOCK  AVENUE 


JERSEY  CITY  5,  N  J 


luhlnjfrn’nr 


bulletin  No.  415  is  devoted  to  foot¬ 
lifting  furnaces.  Ecco  High  Fre¬ 
quency  Corp.,  7020  Hudson  Blvd. 
North  Bergen,  N.  J. 


Terminals.  Hermetically-sealed  ter¬ 
minals  (including  a  stock  of  items 
and  special  forms  to  meet  exact  re¬ 
quirements)  are  described  in  a 
1-page  form.  Electrical  Industries, 
Inc.,  42  Summer  Ave.,  Newark  4, 
N.  J. 


MOST  COMPLETE 

SoHW 


Jobs  in  Television.  A  new  6-page 
leaflet  on  postwar  occupations  in 
television  (Occupational  Abstract 
No.  74)  is  a  contribution  by  John 
E.  Crawford  of  RCA.  In  brief, 
readable  style  the  author  discusses 
postwar  prospects,  training  re¬ 
quired,  methods  of  entrance  and 
advancement,  range  of  salaries,  ad¬ 
vantages  and  disadvantages  of  tele¬ 
vision  as  a  career.  Sources  of  fur¬ 
ther  information  on  the  subject  are 
given.  Available  for  25  cents  from 
Occupational  Index,  Inc.,  New  York 
University,  Washington  Square, 
New  York  3,  N.  Y. 


RADIO  PARTS 
RADIO  TUBES 
INDUSTRIAL 

ElECTRONIC  EQUIPMENT 
AMPLIFIERS 
SOUND  SYSTEMS 
TEST  INSTRUMENTS 
COMMUNICATIONS  and 
BROADCAST  APPARATUS 
AIRCRAK  and 
MA^NE  EQUIPMINT 
F/M-f«L«vi>/on^A/M 


Soldering  Flux.  The  advantages 
of  Kwikflux,  a  hard  soldering  flux, 
are  given  in  a  1-page  form.  Special 
Chemicals  Co.,  30  Irving  Place, 
New  York  3,  N.  Y. 


•  Normally  supplied  with  Model  DK- 
2AA  Decade  Capacitor — .001  mfd. 
steps  from  .001  to  1.11  mfd. 

•  Modified  Wheatstone  Bridge.  High 
and  Low  limit  dials.  Uses  two 
“magic  eyes”  for  indicators. 

•  Self-incorporated  switch-operated 
relays  provide  for  speed  test  oper¬ 
ation,  on  panel  or  in  test  fixture. 

•  Guaranteed  accuracy  of  plus/mi¬ 
nus  1%  of  standard.  Independent 
of  Ilne-voltage  fluctuations  and 
tube  characteristics. 

•  Instantaneous  indication.  Testing 
speeds  up  to  1000  condensers 
hourly. 

•  Operates  from  standard  115  V. 
A.C.  Line.  IS"  x  8"  10”  h. 


AT  YOUR  FIRGERTIPS 


PURCHASING  AGENTSI 
ENGINEERSI 

S0nd  for  this 

FREE  800  PAGE  CATALOG  I 

Write  today  on  yo"r  company 
letterhead  for  this  maeiUe 
>00  pase  Bujring  Guide  con. 
talnfng  everything  In  radie-  / 
eleetronlce.  Complete  list.  / 

Inge  of  all  standard  na*  /  , ,  ^ 

tionally  known  products  /  > 

In  one  handy,  bound  / 
velamet  Bent  free  on  /  —  A 
rogeost  hy  addrseeliig  /  ’•//.  / 

Sex  YM.  /  '  J 


Technical  Apparatus  Literature. 
Several  pieces  of  literature  describ¬ 
ing  instruments  available  from 
Technical  Apparatus  Co.,  1171  Tre- 
mont  St.;  Boston  20,  Mass.;  in¬ 
clude  the  following: 

Direct  reading  megohmeter. 
Model  544,  for  measuring  high  re¬ 
sistances  ;  interelectrode  capaci¬ 
tance  meter,  a  direct  reading  in¬ 
strument  for  rapid  measurement 
of  capacitances  down  to  0.001  fifif; 
dielectric  test  set.  Model  1031, 
which  is  for  use  as  a  convenient 
source  of  d-c  potential  for  produc¬ 
tion  testing  of  dielectric  strength; 
model  1218  voltage  -  regulated 
power  supply;  and  a  12-page  book¬ 
let  entitled  “Technical  Apparatus 
Co.  Data'*  which  illustrates  and 
briefly  describes  such  instruments 
as  high-voltage  power  equipment, 
a  sample  production  tube  tester,  a 
representative  emission  test  set, 
an  electronic  capacitor  comparator, 
life  test  panels,  signal  standards, 
noise  analysis  equipment,  and  a 
complex  multi-function  analyzer. 


thi>  fool 
Coil  Htip  Aptwor 
Vwir  IRrocuiwmMl 
FrohloRwf  ; 


#  Mod*l  LB-l  Copacitanc*  and  Impedance 
Limit  Bridge  is  designed  for  high-ipeed  pro¬ 
duction  teiUng,  for  conformance  with  toler¬ 
ance  specs.  A  companion  instrument  to  Typ* 
LB  Resistonce  Limit  Bridge.  Feertures  ore 
negligible  setup  time,  great  flexibility,  wide 
range,  accuracy,  high  speed,  extreme  tuq- 
gedness.  moderate  cost. 


FOR  >ltOMPr  SERVlCi 
T^apfiOM  RArdoy  7-184<i 


BUY  THAT  EXTRA  BOHD  NOW 
and  SAVI  AN  IXTRA  LIFtl 


*  BuHefin  on  request 


SUPPLIERS  TO 

Lr  Induetflal  Monufaniturers  •  Research 
P  -^toborf lories  •  Sch<^,  *  Cpfieges 
I  ^  Government.  Agencies  *  Railroads 
f  Public  Lhilifies  '  Broadcast  Stations 
tf^spltols  *  Shipyards  '  Police  Depts.,  etc. 
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SHADED  POLE 

MOTORS 


CENIKIFUGAL 

BLOWERS 


An  all*electric,  variable  speed  Chart  Mover  invaluable 
for  testing . . .  research . . .  development  work.  A  single 
drum  kymograph,  it  can  be  used  for  keying  produc¬ 
tion;  for  laboratory  performance  tests;  for  timing  tests 
of  equipment  under  operation. 

A  geometrical  speed  ratio  —  each  speed  1.6  times 
faster  than  preceding  speed  — makes  the  G&G 
MONODRUM  outstanding  in  its  adaptability. 

For  All  Graphic  Recording 

Use  it  for  driving  timers  .  .  .  impulse  and  sequence  con¬ 
trols  . . .  any  purpose  where  absolute  accuracy  of  motion 
is  needed.  Simplicity  of  construction— only  3  nooving 
parts.  Speed-changing  knob  permits  easy  variation,  with 
indicator  instantly  showing  change.  Twenty  useful  speeds! 

AC  shaded  pole,  sparkless  motor  in  two  types— 
HiSpeed,  for  usual  work  requiring  power  and  constant 
speed,  or  Synchronous,  providing  slower  speeds  with 
dead-beat,  electric-clock  accuracy.  Standard  all-aluminum 
drums  20"  tall,  6V4''  dia.  Steel  housing;  baked  enamel, 
inside  and  out. 

Write  for  illustrated  booklet  "A  Second  or  A  Decade”. 
Makars  A  Originators  of  Recording  Equipment  since  1925 


The  world  wide  demand 
hr  Seismic  Crews  provided 
by  Seismograph  Service 
Corporation  requires  an  im¬ 
mediate  expansion  of  its 
fechnical  personnel. 

Men  with  training  and 
experience  particularly 
in  Geology,  Physics, 
Mathematics  or  Elec¬ 
tronics,  who  will  enter 
foreign  service  are  of¬ 
fered  an  opportunity 
leading  to  responsible 
positions  in  petroleum 
exploration. 

Applicants  who  qualify  will 
be  given  training  in  SSC 
methods,  and  those  who 
show  promise  may  be  sent 
to  South  America  for  further 
field  experience,  and  when 
proved  competent  will  be 
considered  for  assignments 
on  Seismic  crews  throughout 
the  world. 


$91.  NET 

FOB,  Factory 


RECORDING 

ACCESSORIES 


MONOORUM  previdat  moving 
charts  for  rocordings.  Saloctien 
of  paper  depends  on  phenome¬ 
non  to  be  recorded,  type  of  rec¬ 
ord  desired,  and  cost  limitations. 
Tell  us  your  requirements.  Fol¬ 
lowing  papers  available: 

LIGHT  SENSITIVE 
PHOTO  SENSITIVE 
PHOTO  PRINTING 
SOOTED 
WAXER 

Write  for  Complete  DotaiM 


•tid  ’'•'R 


Applicants  in  the  U.  S.  A.  must 
comply  with  the  regulations  of  the 
War  Manpower  Commission. 

In  writing  for  details  as  to  training, 
salary,  living  allowances,  etc., 
please  state  your  qualifications  and 
age. 


00  F.  A.  SMITH  MFG*  CO.,  INC 

801  DAVIS  ST.,  ROCHESTER  2,  N.Y, 


SEISMOGRAPH 
SERVICE  CORPORATION 

Kannady  Building 
TULSA,  OKLAHOMA.  U.SJV. 
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PRECISION  PARTS 


THE  SHAPE  OF 
THINGS  TO  COME 


. . .  pieces  that  viU  play  a  part  in  the  Peace. 


There  will  be  a  new  way  of  doing 
things  in  this  post-war  world  of  ours. 
New  equipment  has  been  developed 
that  may  change  our  way  of  life. 
And  new  manufacturing  standards 
will  call  for  faster,  more  economical 
production. 

Thru  years  of  producing  for  war, 
Ace  has  learned  to  meet  these  new 
standards.  Here  you  will  find  the 
advantages  of  a  single  responsibility 
combined  with  the  freedom  to  use 
ingenious  methods.  Here  you  will 
find  modem  equipment  and  mana¬ 
gerial  enthusiasm  that  is  vital  to 
fast,  accurate  work. 

Whether  you  are  thinking  in 
terms  of  post-war  production,  or  in 
terms  of  present  capacity,  it  will  pay 
you  to  check  with  Ace  for  small 
parts  or  assemblies  involving  stamp¬ 
ing,  machining,  heat-treating,  or 
grinding.  Send  blueprint,  sketch,  or 
samples  for  quotation. 


STAMPING  CAPACITY  OPEN 

Ace  has  developed  the  knack  of 
combining  close  tolerances  with  the 
economies  and  speed  that  go  with 
stamping  operations.  We  are  pre¬ 
pared  to  engineer  the  tooling,  and 
make  the  tools  and  dies  in  our  own 
tool  room.  And  we  are  equipped  to 
spot-weld  sub-assemblies  and  to 
assemble  intricate  radio  and  ma¬ 
chine  parts. 


ACE  MANUFACTURING  CORPORATION 


for  PnehioK  Ports 


ISSS  I.  EkM  AVI.,  PHIlADHrHIA  24,  PA. 


Reference  Manual  Holders.  Re¬ 
placement  specification  sheets  and 
new  specification  sheets  on  cath¬ 
ode-ray  tubes  are  now  available 
for  owners  of  a  reference  manual 
got  out  by  Allen  B.  DuMont  Labs., 
Inc.,  Passaic,  N.  J. 

Junior  Engineers’  Reading  List. 
A  revised  “Reading  List  of  Junior 
Engineers”  has  been  issued  by 
the  Junior  Committee  on  Profes¬ 
sional  Training  of  the  Engineers’ 
Council  for  Professional  Develop¬ 
ment,  29  West  39th  St.,  New  York 
18,  N.  Y.  Price,  10  cents  each,  or 
5  cents  each  in  lots  of  50  or  more. 

Capacitor  Catalog.  Catalog  No. 
20  contains  56  pages  of  data  and 
illustrations  of  paper  dielectric  ca¬ 
pacitors  available  from  Sprague 
Electric  Co.,  North  Adams,  Mass. 
The  catalog  is  designed  as  a  guide 
to  the  selection  of  these  compon¬ 
ents  for  industrial  uses. 

Engineering  Bulletin.  “Multi- 
Meter  Circuits  For  Use  With  HC 
Meter  Scales”  is  the  title  of  a  new 
engineering  bulletin  (No.  1) 
which  sells  for  25  cents.  The  bulle¬ 
tin  as  well  as  HC  meter  scales  are 
available  from  R.  E.  Nebel  Lab¬ 
oratory,  1104  Lincoln  Place,  Brook¬ 
lyn,  N.  Y. 

Decade  Inductance.  Five  types 
(2321  to  2325)  of  decade  induc¬ 
tance  units  are  briefly  described  in 
a  1-page  bulletin.  New  York  Trans¬ 
former  Co.,  26  Waverly  Place,  New 
York,  N.  Y. 

Automatic  Voltage  Regulator. 
Bulletin  No.  163  contains  specifica¬ 
tions,  applications,  and  some  illus¬ 
trations  of  an  automatic  voltage 
regulator  for  line-voltage  control. 
Superior  Electric  Co.,  Bristol, 
Conn. 

H-F  Cable  and  Connectors.  For 
this  manufacturer’s  catalog  there 
is  available  a  new  “Section  D” 
which  describes  26  types  of  RG  ca¬ 
bles  and  many  companion  h-f  con¬ 
nectors  for  uhf  and  electronic  ap¬ 
plications.  A  chart  giving  molded 
“AN"  insert  connections  is  also 
available.  American  Phenolic 
Corp.,  1830  South  54th  St.,  Chicago 
50,  m. 


DC  means  SC  , . . 


Selenium  Control  and 
Selenium  Conversion  for 
the  practical,  profitable 
^performance  planned  by 
top  flight  design  engi- 
I  neers.  Selenium  provides 
I;  maximum  efficiency  .  .  . 
.  unlimited  life . . .  n^ative 
(  temperature  coefficient.. .i 
^Ifand  other  characteristics 
[  y^xiecessary  to  solve  the 
1  |slectronic  problems  of 
1  .tomorrow  .  .  .  That's  why 
'  pc  means  SC. 


^  SEND  FOR 
^  ^ BULLETIN 


SELENIUM  CORPORATION 

of  AMERICA 

L  1719  WEST  PICO  BOUUVARD 

^  lOS  ANGELES  15,  CALIFORNIA 

e 

tXPOWT  DIVISION  IRAZAfl  A  HANSfN 

IN  CANADA  AURU(. 

LTD  TORONTO  13  fJNTARlO  lANAO® 

IM 
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CONSIDER  THE  NEW 
DRAKE  No.  7S  AP 


Reproduction  of  pmt  of  an 
Express  receipt  written  in 
1867.  The  original  is,in 
the  Museum  maintained  by 
Railway  Express  in  New  York. 


Sed^jmck\ 

R/6C6ipt  Ia  now- 

a  ^hfluAeum  ^iece 


SOCKET  AND  JEWEL  LI6HT  ASSEMBLIES 


Trade  demand  has  caused  Drake 
to  produce  this  new  totally  en¬ 
closed  candelabra  screw  base  1"  pilot 
light  assembly.  The  unit  is  approved 
by  the  underwriter’s  laboratories  for 
75  watt,  125  volt  service.  Designed 
to  house  the  Mazda  S6,  110  volt,  6 
watt  candelabra  screw  base  lamp. 
Can  be  supplied  with  lamp  installed. 
The  unit  mounts  in  a  1"  hole  and  is 
regularly  furnished  with  a  l"  diameter 
faceted  colored  glass  jewel.  It  is  also 
supplied  with  a  steel  lock  washer 
wMcfa  holds  the  unit  firmly  to  the 
panel.  Mounts  on  any  thickness 
panel  up  to  I". 


Although  designed  to  operate  on  110 
volt  circuits,  this  assembly  can  readily 
be  used  on  220  volt  circuits  by  con¬ 
necting  our  #116  wire  wound  resistor 
in  series  with  the  pilot  light. 

Lamps  are  easily  removed  with  our 
S6  lamp  remover.  Anyone  who  has 
to  maintain,  or  install  in  production, 
large  numbers  of  S6  lamps,  will  find 
the  S6  lamp  remover  a  great  con¬ 
venience. 


The  practice  of  giving  a  receipt 
for  Express  shipments  began 
with  the  first  transaction  more 
than  a  hundred  years  ago.  It  is, 
in  effect,  a  contract  setting 
forth  the  terms  of  responsibility 
of  the  Express  Agency.  The  re¬ 
ceipt  taken  at  delivery  is  a  rec¬ 
ord  of  fulfillment  of  service. 

In  1839,  Express  receipts 
covered  shipments  only  from 
Boston  to  York  and  re¬ 

turn.  Today,  Express  receipts 
are  written  for  every  conceiv¬ 
able  variety  of  goods  — war 
items,  commercial,  personal  — 
for  delivery  throughout  the  na¬ 
tion.  Every  foot  of  the  way 
from  shipper  to  receiver,  direct 
.responsibility  for  safe  transpor¬ 
tation,  by  rail  and  air,  remains 
with  Railway  Express. 


Moaraw.HIII  BMk  Co..  330  W.  42nd  8t..  Now  York  IS,  N.  V. 

Send  mo  Booio’h  Introduction  to  Microworeo  for  10  doyi'  eiomlno- 
Uon  on  opproval.  In  10  dayn  I  will  iinid  $1.73,  pliu  few  cento  post¬ 
age,  or  return  book  posipaid.  <  Postage  paid  on  cash  orders.  I 

Name  . 

Address  . 

City  and  State.  . 

Company  . 

Position  . 1..  3-45 

{  (Books  sent  on  approral  in  the  United  Statoa  only.) 
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master  higher  frequency  electricity 

WHY  and  HOW  it  differs  from 
the  lower  freqnency  range 


Tho  tmpwfamt  fwitdamontoh 
mtcrowov*  pfeoMaMno  dttcribod 
through  phyiteot  pletorot  and 
vfowpiofa^  tor  tho  qolek  ood 
oaty  loootory  od  moy  mo  doallog 
with  oloeMeHy. 

Have  you  a  working  knowledge 
of  the  reaaona  for  some  of  the 
seemingly  mysterious  character¬ 
istics  of  extremely  high  fre¬ 
quency  electricity?  For  instance, 
what  makes  waves  go  down  the 
inside  of  a  hollow  conducting 
pipe  at  high  frequency  but  now 
at  low  frequency? 

THIS  lOOK 

— clears  up  the  underlying  prin¬ 
ciples  of  these  forces 
— corrdates  the  high  and  low 
freouency  ranees  for  the  prac¬ 
tical  knowledge  of  the  man  work¬ 
ing  with  either 

-  covers  the  range  quickly, 
simply,  fundamentally,  non-matbe- 
mattMlly,  so  that  you  can  under¬ 
stand  i^ithout  probing  too  deeply 
into  invdved  tcchniwities 
— makes  you  see  the  funda¬ 
mentals  of  dectricity  through 
truer  perspective  than  your  own 
range  of  specialization 


Here  la  a  complete  non-mathematical  description  of  the 
physical  basis  for  all  microwave  phenomena,  for  englneem 
and  industrial  men  who  desire  an  understanding  of  micro- 
waves  and  their  application.  The  book  covers  transit-time 
electronics,  velocity  modulation,  radiation,  transmission 
lines,  resonant  cavities  and  wave-guides  and  correlates 
microwaves  with  lower  frequency  electricity  in  simple 
language  and  with  a  large  number  of  explanatory  diagrams. 

Just  Published! 

INTRODUCTION  to 
MICROWAVES 

By  Dr.  Simon  Ramo 

General  Eleetrle  Company;  Union  COUese,  gcbenectady,  N.  T. 

135  pa^es,  51/5  X  8'/4,  $1.75 

Presents  for  the  first  time  the  basic  concepts  of  micro¬ 
waves  and  their  relation  to  the  lower  electricity  range,  in 
such  a  manner  that  in  a  few  hours  time,  any  one  may 
understand  the  principles  involved  and  their  application. 

Sea  it  10  days  FREE — Send  this  coupon 
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Fasteners.  Two  manufacturers 
have  available  literature  on  fasten¬ 
ers. 

The  first  of  these  is  Shakeproof 
Inc.,  (2501  N.  Keeler  Ave.,  Chi¬ 
cago,  Ill.)  whose  bulletin  “Fasten¬ 
ing  Application”  contains  data  on 
Quick  Fasteners  which  open  and 
close  panels  of  mechanical  equip¬ 
ment  quickly  and  easily. 

The  second  manufacturer,  Cam- 
loc  Fastener  Corp.  (420  Lexington 
Ave.,  New  York  17,  N.  Y.)  has  two 
booklets,  both  of  which  tell  about 
the. 4002  Series  of  cowl  fasteners 
(spring  loaded  stud).  One  booklet 
(catalog  44-A)  gives  a  description 
and  specifications  while  the  second 
is  an  instruction  booklet  (No. 
44-B)  of  installation  procedure. 

Ceramics  Insulator  Bodies.  Bulle¬ 
tin  No.  444  describes,  with  the  aid 
of  good  illustrations,  AlSiMag 
ceramic  insulator  bodies  for  elec¬ 
trical  and  other  technical  uses. 
American  Lava  Corp.,  Chattanooga, 
Tenn. 


Mica  Trimmers.  Automatic  Mfg. 
Corp.,  (formerly  known  as  Auto¬ 
matic  Winding  Co.,  Inc.)  manu¬ 
facturers  of  complete  electronic  as¬ 
semblies  and  component  parts, 
have  available  a  12-page  booklet 
.which  illustrates  and  describes  ap¬ 
proximately  fourteen  types  of  auto¬ 
matic  mica  trimmer  capacitors. 
900  Passaic  Ave.,  East  Newark, 
N.  J. 

% 

Double  Coil  Washers.  Double-coil, 
spring-lock  washers  available  in 
any  desired  finish  for  No.  4  screws 
up  to  1  in.  and  larger  bolts  are  de¬ 
scribed  in  a  leaflet  available  from 
George  K.  Garrett  Co.,  Inc.,  1421 
Chestnut  St.,  Philadelphia  2,  Pa. 

Fastener  Assembly.  A  hew  one- 
piece  fastener  assembly  (called  the 
Spring  Lock  Fastener)  which  does 
not  require  nuts  or  receptacles  is 
described  and  illustrated  in*  a  4- 
page  folder  available  from  Sim¬ 
mons  Fastener  Div.,  Simmons  Ma¬ 
chine  Tool  Corp.,  Albany,  N.  Y. 

Tubes,  Television  Brochure.  “Time, 
Tubes  and  Television”  is  the  title 
of  a,brochure  intended  as  an  intro¬ 
duction  to  the  genealogy  of  science. 
It  contains  many  illustrations  and 
covers  a  lot  of  territory  especially 


made  possible. 
bl  Mwreiit  advantages  pins  engineering 

tAK  ibro  fabrications  con  tolvo  yowr  insulation-component  noods  for  civitiaft 
manvfoctwro  as  thorowphiy  as  bos  boon  accomptishod  in  the  war  effort.  No 
matter  whot  typo  of  product  to  90  throuph  your  assembling  end  production  linos 
—a  machined,  punched,  stamped,  sowed,  miilod  or  driiiod  tAEI  ibro  part  con 
bo  bistrumontal  in  substontiolly  bettering  its  performance.  Collaboration  will  bo 
promptly  forthcoming,-  without  obligation. 

ftEE  DATA  nUllETIN  Centplsts  with  Information  portolntng  to  the 
tpaciUcotlont  of  pbonol  and  vulconizod  flbro,  this  litorotura  will  ba 
jMOt  prssiofly  on  roqvost.  Writ#  for  Bullotin  120. 
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Send  spocificattom;  or  vwHo  for 
our  Catalog  hto'.  41  A. 


PRODUCTS 

CORPORATION 


32-62  — 49th  STREET  .  .  LONG  ISLAND  CITY.  N.  Y 

Export  Dept.  100  Vorick  S*..  N  Y  C. 
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ADfO 

S'EKius 

‘'JDftOOK. 


a  really  high-powered 


There  ar*  lltarally  billions  of  Stronghold  fastonors — In  a  broad  ranga  of  tizat 
and  typas— IN  STOCK  FOR  IMhfEDIATE  DELIVERY.  Tha  Stronghold  "In 
Stock  Racord  It  luuad  at  ragular  Intarvals.  If  you  ara  not  racalvlng  It, 
drop  us  a  llna  and  wa'll  add  your  nama  to  our  mailing  list. 

FOR  "Spaclalt",  uta  our  axtansivo  manufacturing  facilltias.  Sand  us  your 
dascrlptions,  skatchat  or  bluaprints.  Puotations,  plus  tachnical  and  anginaaring 
data,  promptly  furnithad. 


Notes 

Tha  Library  compritat 
a  talaction  of  books 
c  u  1 1  a  d  from  landing 
McGraw  -  HIM  publlca- 
tloni  in  tha  radio 
fitid. 


especially  selected  by  radio  spaeiallstt  of 
McGraw-Hill  publications 

to  plvo  most  eompleto,  depandablo  eov- 
erago  of  facts  needed  by  all  whoso  floldt 
ara  grounded  on  radio  fundamentals 


Anew,  multl-usa,  multl-driva  fastanar  with  countlass  practical  applications 
and  adaptability  for  all  methods  of  hand  or  powar  drlvlM.  Ask  for 
tamplat,  plus  tachnical  and  anginaaring  data.  Laarn  how  HEX-SCRU  will 
spaad,  strangthan  and  straamlina  your  assambllas. 

MANUFACTURERS  SCREW  PRODUCTS 

270  W.  Hubbard  St.  Chicago  10,  III. 

It's  Faster  fo  Tc/epfeoR*  •  Call  WHITEHALL  4680 


available  at  a  special  price  and  terms 


Tbeaa  booka  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
inbjects — give  specialized  treatments  of  all 
lelds  of  practical  design  and  application.  They 
are  books  of  recognized  position  in  the  litera¬ 
ture-books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re- 
Mareber  or  engineer  in  any  field  bued  on  radio, 
roa  want  these  books  for  the  help  they  give  in 
hundreds  of  problems  throughout  the  whole 
held  of  radio  engineering. 

Snlyies,  3559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
[Tennan’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2ad  edition 
Hund’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Heaney’s  RADIO  ENGINEERING  HAND 
book,  3rd  edition 

VECIAL  low  price  •  EASY  TERMS 

Special  price  under  this  offer  less  than  cost 
n  books  bought  separately.  In  addition,  you 
t»vo  the  privilege  of  paying  in  easy  install- 
»enta  beginning  with  |3.00  in  10  days  after 
n  hooks  and  |3.00  monthly  thereafter, 

ur^y  these  books  are  recognized  as  standard 
•orka  that  you  are  bound  to  require  sooner  or 
*lor.  Take  advantage  of  these  convenient 
i«nns  to  add  them  to  your  library  now. 

fOR  10  DAYS  EXAMINATION  SEND  THIS 
f—^-ON-APPROVAL  COUPON- - 

I  RcGraw-HIII  Book  Co..  330  W.  42nd  8t..  M.Y.C.  18  S 

1  ®e  Badio  Enfineerlng  Library  for  10  days’  J 

!  H^oatlon  on  appro^  la  10  days  I  will  send  • 
I  Hii  postage  and  $3.00  monthly  S 

j  Si  paid,  or  return  books  postpaid.  (We  J 
!  rf  uS?*:**®  orders  accompanied  by  remittanci-  ; 
j  installment.)  I 


or  HIOB  VACUUM  ,8T»EBtt 


VOLUNETBIC  EFFICIEHCY 


LOW 

requirement 


FIVE  ElXEIt 

from  18  to  228  ou.  It.  per  min. 

F.  J.  STOKES  MACHINE  CO. 

6046  Tebor  Road  PhlU.  20,  Pa. 
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4,000  Porta  P0r  Day 
wUh  DMCRO  BMdw 

Here  U  an  example  of  **DIE-LESS  DUPLI¬ 
CATING”  tyincal  of  a  great  variety  of 
formed  parts  readily  made  with  DI-ACRO 
Precision  Machines, — Benders,  Brakes, 

Shears.  Picture  below  shows  an  acute  right 
angle  bend  and  photograph  above  shows  the 
finished  part  formed  to  die  precision.  Women 

operating  DI-ACRO  units 
maintain  a  high  out-put  on 
production  work. 

Send  for  CATALOG 

showing  DI-ACRO  Precision 
Machines  and  many  examples 
of  parts  made  with  “DIE¬ 
LESS  DUPLICATING." 
PrsBSusesS  ••ois.srif  »«»  x 


O'nEIL-IRWin  mFb.co. 


"Enclosed  inures  in  our  plant  prove  the 
DI-ACRO  Bender  will  do  a  real  production  job. 
We  are  making  4,000  completed  parts  per  day 
which  is  competitive  to  most  Power  Presses.” 
(Name  on  request) 


Ul  EICHTH  AVENUE  SOUTH  ■  MINNEAPOLIS  15,  MINNESOTA 


ELECTRICAL 
INDUSTRIES  •INC 

SUMMER  AVENUE,  NEWARK  4.  N.  J 


★  VACUUM  TICHT  SEAL 

ir  KOYAR  MCTAL  ELEHRODES 

★  PYREX  CLASS  BEAD 
MANY  STANDARD  TYPES 

ic  ANY  TYPE  TO  SPECIFICATIONS 
^SOLDER  OR  WELD  EASILY 


A  cemplato  and  dlvartlRad  lint  of  E-l  4,  5,  6,  7  and  t  oloc* 
trod*  hormolicolly  saalod  Multipio  Hoadors  are  now  availablo 
as  standard  stock  itoms.  All  aro  supplied  at  mass  production 
prices— no  special  tool  or  die  costs  involved.  Individual  sealed 
terminals  are  also  included  in  a  wide  variety  of  standardized 
types.  All  special  shapes  or  forms  can  be  supplied  to  exact 
specifications  at  slightly  higher  cost. 

All  include  Pyrex  glass  bead— immune  to  thermal  or  electrical 
shock.  Pyrex  cmnealed  to  eliminate  strain.  Kevar  electrode  and 
shell  solders  and  welds  easily  and  forms  absolute  vacuum 
tight  chemical  bond  with  glass— lead  becomes  integral  part 
of  housing.  Multiple  Heoders  can  be  fabricated  in  any  form  to 
ipecification— write  teiday. 


with  regards  to  the  manufacturer’! 
facilities  and  products.  Several 
pages  are  devoted  to  clear  illua. 
trations  of  the  cathode-ray  gun. 
Allen  B.  DuMont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 

i 

Tubular  Metal  Antennas.  Con¬ 
struction  diagrams,  illustrations 
and  descriptive  data  on  antennas 
and  antenna  parts  for  use  in  po¬ 
lice,  marine,  amateur  and  commer¬ 
cial  installations  are  contained  in 
a  24-page  book.  Premax  Products, 
Div.  of  Chrisholm-Ryder  Co.,  Inc., 
Niagara  Falls,  N.  Y. 


Facsimile  Equipment.  The  story 
of  facsimile  equipment  manufac-  ' 

tured  by  the  Alden  Products  Co.,  ‘ 
117  North  Main  St.,  Brockton  64,  * 

Mass.,  is  contained  in  an  8-page  ^ 

booklet  by  Milton  Alden  entitled  * 

“Suiting  Facsimile  Designs  to  i 

Service  Needs”  reprinted  from  FM  < 

&  Televiniov.  ^ 


I 

t 


Cathode-Ray  Tubes.  A  16-page  il¬ 
lustrated  booklet  on  “How  &  Wh) 
Cathode  Ray  Tubes  Work”  re¬ 
printed  from  Communications  from 
a  series  of  articles  by  J.  R.  Beers, 
Development  Engineer,  Nortt 
American  Philips  Co.,  Inc.  (KK' 
East  42  St.,  New  York  17,  N.  Y.) 
Contents  deal  with  early  historj. 
manufacturing  problems,  testing, 
and  special  designs.  Write  North 
American  Philips. 
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Rotary  Electrical  Equipment  A  ^ 

4-page  folder  contains  a  brief  re-  t 

view  and  illustration  of  dynamo-  h 

tors,  motors,  converters  and  gen-  < 

erators  of  various  tjrpes.  Eicor,  n 

Inc.,  1501  W.  Congress  St.,  Chicago  ® 

7,  Ill.  d 


High-Voltage  Test  Equipment 
Bulletin  F  describes  portable  kilo-  p 

voltmeters  and  multipliers  suitable  y 

for  use  from  1  to  30  kv,  as  well  as  ^ 
corona  -  protected  kilovoltmeten  •— 
and  resistors  for  measurements  up 
to  200  kv.  Shallcross  Mfg.  Co 
Collingdale,  Pa. 

Vertical  Radiators.  A  4-pBge  bro  ^ 
chure  illustrates  vertical  radiaton 
for  broadcast  stations  and  anten^  ^ 
supporting  poles  for  other  types  o! 
service.  Handy  information  ^ 
given  broadcasters  for  ground  0 
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Chicago 

EDITOR 

Wanted 


•  ELEjCTRONICS  is  looking  for 
a  field  editor. 

•  Working  out  of  our  district  of¬ 
fice  in  Chicago,  following  an  ori¬ 
entation  period  in  New  York,  it 
will  be  his  job  to  represent  the 
magazine  editorially  in  the  mid¬ 
dle-west.  This  will  primarily  in¬ 
volve  encouraging  technicians  to 
prepare  articles  for  us,  helping 
them  when  necessary,  doing  some 
original  writing,  and  general  re¬ 
porting  about  meetings  and  other 
pertinent  activities  in  the  area. 

•  The  man  we  want  must  be  an 
engineer  fully  familiar  with  elec¬ 
tron  tubes  and  the  circuits  in 
which  they  are  used,  both  com¬ 
munications  and  industrial.  He 
should  have,  or  be  able  to  readily 
develop,  equal  facility  in  dealing 
with  equipment  design  and  pro¬ 
duction  engineers,  and  with  the 
ultimate  users  of  such  equip¬ 
ment.  He  should,  for  example, 
feel  as  much  at  home  in  a  ma¬ 
chine  shop  as  in  an  experimental 
laboratory,  as  much  at  ease  in  a 
broadcast  station  as  in  a  plant 
building  transmitters. 

•  Knowledge  of  sensitive  meas¬ 
urement,  control,  inspection  and 
safety  devices  other  than  elec¬ 
tronic  will  be  considered  an  ad¬ 
ditional  asset. 

•  If  you  think  you  are  the  kind 
of  a  man  we  need,  and  we  ap¬ 
pear  to  have  the  kind  of  a  job 
you  want,  write,  stating  qualifi¬ 
cations  and  expectations,  to 


Keith  Henney,  Editor 


electronics 

McGraw-Hill  Publishing  Co.,  Int. 
330  West  42nd  Street 
New  York  18,  New  York 


L.  Ulf. 


Twenty-five  years’  experience  in  Microph®*** 

solving  all  types  of  Relay  Problems  ^ 

.  .  .  Complete  facilities  for  Design¬ 
ing,  Engineering,  Manufacturing  .  .  .  Specialists  in  producing  Relays 
of  exceptional  power  and  sensitivity  for  Aircraft,  Intercommunica¬ 
tions -Systems,  Electronic  Devices.  Exclusive  Kurmon  features  provide 
greater  dependability,  longer  life,  more  precise  performance  .  .  . 

Send  data  for  quotations.  Write  for  new  descriptive  Bull»tin$. 


KURmnn 


ELECTRIC 


35-18  37fh  STREET 


LONG  ISLAND  CITY  I,  N.  Y. 


D.C.to  A.C.  CONVERTERS 

The  Janette  Rotary  Converter  is  a  simple,  practical  method  for 
obtaining  Alternating  Current  when  only  D.C.power  is  available. 

.1  to3.2K.V.A.  r 

Janette  was  one  of  the  first  manufactur-  | 
ers  to  build  converters  especially  for  use  i  i 
with  A.C.  electronic  tube  devices.  Since  t 
their  inception  these  machines  have  es-  b 
tablished  a  world  wide  record  for  relia-  t 
ble,  efficient,  quiet,  trouble  free  opera-  | 

f  tion,  under  the  most  adverse  conditions.  -  -  . . 

TWO  TYPES  are  available  ;  one  for 
commercial  applications,  the  other  for 
marine  service.  Special  filters  for  sup¬ 
pressing  conducted  and  radiated  noise  ^ 
voltage  interference  can  be  supplied, 
i  If  you  want  a  really  dependable 
]  converter,  guaranteed  for  one  year, 

I  we  suggest  you  TRY  A  JANZTTTEl  > 

,  May  W*  8«iid  Litoratiur*? 


Jaivette  Klamiiaciudivg  Cfnnpamf 

556  m  Itlonwe  SX.  CKiea^o  6,  III. 
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THE  (EORGE  S.  THOMPSON 

CORPORATION 

5240  HUNTINGTON.  DR. 

LOS  ANGELES  32,  CALIF. 


Mai 

NNdhar 


G'^EMLINS  WITH 

BIRTCHER 

STAINLESS  STEEL  -  LOCKING  TYPE 

TUBE 

CLAMPS 


Where  vibration  is  a  probiem, 
Birtcher  Locking  TUBE  CLAMPS  offer 
a  foolproof/  practical  solution*  For 
ALL  types  of  tubes  and  simiiar  piug- 
in  components. 

83  VARIATIONS 


n«i 

qni 

ox< 

Un 

Bi 

Si 


THE  BiRTCHER  CORPORATION 


Manure  cturers  of  A'RCRAFT 
and  RADIO  f'ARTb 
5037  HUNTINGTON  DR  LOS  ANGFLES  32 


OVER  TWO  MILLiON  iN  USE 
Send  for  our  standard  cotoiog  and 

sompios  of  corrosion-proof  Birtcher 
Tubo  Clamps. 


390  . 


To  ServeYou  Better 

AN  ALTERNATE  SOURCE 
OF  GENUINE  BIRTCHER 
TUBE  CLAMPS 

• 

Prompt  Delivery 

• 

We  are  fully  licensed  to  manufacture 
the  complete  BIRTCHER  line  of  locking 
type,  stainless  steel  tube  clamps.  Orders 
placed  with  us  for  prompt  delivery  using 
BIRTCHER  part  and  identification  num¬ 
bers  will  be  filled  at  pyices  as  favorable 
as  those  to  which  you  are  accustomed. 
All  clamps  will  be  identical  with  those 
manufactured  by  the  Birtcher  Corpora¬ 
tion. 


terns  and  F€C  minimum  radiator 
heights  for  all  class  of  stations 
throughout  the  standard  a-m  broad¬ 
cast  baqd.  John  E.  Long  &  Son, 
Inc.,  28th  St.,  &  Buren  Ave.,  Cam¬ 
den,  N.  J. 

Televiaicm  Studio  and  Transmit¬ 
ting  Equipment.  A  6-page  folder 
illustrating  and  briefly  describing 
products  such  as  Model  SE-100 
television  transmitter  (video  and 
audio  models),  SE-300  console  stu¬ 
dio  control  desk,  SE-200  master 
control  board  and  SE-400  trans¬ 
mitter  control  desk.  Sherron  Elec¬ 
tronics  Co.,  1201  Flushing  Ave., 
Brooklyn  6,  N.  Y. 


Power  Connections.  Catalog  No. 
27  contains  a  good  deal  of  data  on 
power  connections  for  electronic 
equipment.  Harvey  Hubbell,  Inc., 
Bridgeport  2,  Conn. 


Parts  and  Assemblies.  A  booklet 
entitled  “Silent  Partner  For  Your 
Success”  gives  background  data  of 
this  manufacturer,  and  illustrates 
and  describes  parts  and  assemblies. 
Orange  Screen  Co.,  Maplewood, 
N.  J. 


SOLE 


NAVY  NEEDS  NURSES 


Lt.  do)  lo  St  Clcdr  Clary  glTM  a 
diothanny  troatmmit  to  a  potfrat  ot  th« 
V.  8.  Naval  Hospital  tn  Corpus  Christ!. 
Tsxos.  Mor*  norsM  ore  noodsd  by 
the  Navy.  Morlaes.  and  Coast  Guard. 
Oiikial  Pbotograpb,  U.  S.  Nary 


DUPLICATING  and  PROFILING 

AUTO  ENGRAVER 

Accurate  Engraving 
with  Unskilled  Operators 

Unikilled  operators  will  profile  or  accuratelyj 
reproduce  in  smooth  lines  any  design,  num-| 
ber,  letter,  emblem,  signature;  on  iron,  brass, 
copper,  aluminum,  soft  steels  and  all  plastics.. 
Here  are  some  of  its  other  uses  ...  ; 

•  Drills  a  series  of  holes,  or  profiles  smalll 

parts.  I 

•  Cuts  an  even  channel  for  wiring  on  panels.; 

Increases  accuracy  and  production.  I 

•  Works  from  original  drawing  or  templates.- 

•  Etches  glass  and  similar  items.  ! 

•  Will  not  cause  distortion.  i 

For  complete  information  on  this  and  othsrt 
i  models  and  prices  write  Dept.  K  I 


AUTO  ENGRAVER  C0.| 

1776  BROADWAY,  NEW  YORK  19 
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MONARCH 


MFG.  CO 


ProMrtics  and  CharaetnrlsHes  of  Our 
LAVITE  SI-5  Stnatif*  Cnramie  B^y 

CMiprotsivo  Strongtn  . 96,000  lbs.  per  square  inch 

Tensile  Strength  . 7,200  tbs.  per  square  inch 

flexural  Strength  . 10»8OO  Ibe.  per  square  inch 

■edulus  o#  Rupture  . 20,000  lbs.  per  square  inch 

iielectrio  Strength . 238  volts  per  mil 

Dielectric  ConsUnt . 6.42  ) 

use  Factor  . 2.90  I 

fewer  Factor . 446  J  *  megacycle 

telk  SpecSc  Gravity  .  2.S64<|^o 

Density  (from  above  gravity).  .  .  .0.096  lbs  per  cubic  inch 

Hariness  (Mohr  scaio  . 7.0 

lefisning  Temperature  . 2,  3S0^F. 

Linear  Coefficient  of  Expansion  . 8.13x10 — 

Reieture  Absorption  (ASTM  D-116>42-A . O.OO90/0 

Mtkers  of  electrical  and  radio  ^paratus  destined 
lot  war  se^ice  are  finding  in  LAVITE  the  pre- 
die  qualities  called  for  in  their  specifications 
,  .  .  high  compressive  and  dielectric  strength, 
low  moitture  absorption  and  resistance  to  rot, 
fames,  acids,  and  high  heat.  The  exceedingly  low 
Ii^faaor  of  LAyiTE  plus  its  excellent  worka¬ 
bility  makes  it  ideal  for  all  high  frequency 
ip^ications. 

We  will  gladly  supply  samples  for  testing. 


6  As  leaders  in  the  field  of  design  and  development  of  specialized 
transformers,  Electronic  Engineering  Co.  has  established  an  envi¬ 
able  reputation  for  solving  the  most  difficult  transformer  applications. 
With  complete  electronic  laboratories  and  the  finest  engineering 
talent  available,  Electronic  Engineering  Co.  is  devoted  exclusively 
to  the  production  of  specialized  transformers  for  the  armed  forces. 


ELECTRONIC  ENGINEERING  CO. 

3223-9  WEST  ARMITAGE  AVE.,  CHICAGO  47,  lUINOIS 

"SPICIALIZID  TRANSPOKMIR  INOINDIRS'* 


Main  Office  &  Works,  Chattanooga,  Tenn. 
idham,  Mau.  Chloaio  Los  Angelos 


1  Producing  ^ar 

Unas: 

Bud  J"^*358) 

Suprem.  Instruine«ts 

Corp.  is«a  Pofl* 

University  Laboratories 
UmversiTy 

St«»wy* 


tW«» 

Field  Eeql"**” 

boston  16.  M/ 

,1.  KENmor. 

IN  HARTFO.%, 

I  Woodlaad  S*. 

,  2ist  yt  01 

monufacturers.  loW^ 

,-«u  and  laboratories  ■ 


2014  N.  MAJOR  AVE.  .  CHICAGO  2*.  III. 
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^inauclagraph  ^ppakc^rs,  Jne.  ^ 

3911  S  Michigon  Avr.,  Chicago 
Export  Div.,  13  E.  40th  St.,  New  York  16,  N.  Y. 
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NEW  BOOKS 


Prodigal  Genius; 

The  Life  of  Nikola  Tesla 

By  John  J.  O’Neilx,.  Published  by 
Ives  Washburn,  Ivc.,  2!t  West  59th 
St.,  New  York  19,  N.  Y.,  19i4,  S26 
pages,  $3.75. 

There  can  be  no  disputing  the  fact 
that  Nikola  Tesla  was  a  great  dis¬ 
coverer  and  inventor,  particularly 
in  the  field  of  electrical  engineer¬ 
ing.  At  a  time  when  electricity  was 
just  beginning  to  be  investigated 
as  a  useful  tool  of  mankind  he  was 
looking  ahead  to  the  days  when 
this  force  could  be  controlled  for 
the  benefit  of  everybody.  Thus, 
Tesla  was  thinking  in  terms  of  a-c 
power  when  direct  current  was  the 
only  type  of  electric  current  avail¬ 
able.  He  was  experimenting  with 
world-wide  radio  when  the  wireless 
transmission  of  code  signals '  was 
limited  to  a  relatively  few  miles. 
And  he  was  developing  the  wireless 
transmission  of  power  nearly  50 
years  ago. 

Like  most  so-called  geniuses, 
Tesla  had  his  shortcomings.  For 
one  thing,  he  was  not  as  much  in¬ 
terested  in  exploiting  his  discov¬ 
eries  and  inventions  as  he  was  in 
making  more  discoveries.  There¬ 
fore,  he  never  realized  anything 
from  much  of  his  work  and  opened 
the  door  to  piracy,  intentional  or 
otherwise.  Because  of  his  lack  of 
business  sense  he  missed  many  op¬ 
portunities  to  make  money  with 
which  to  continue  his  work  as  he 
would  have  liked  to  do.  Tesla’s  per¬ 
sonality  was  attractive  socially  but 
lacking  in  business  acumen,  so  that 
many  financiers  who  might  have 
backed  him  did  not  do  so  because 
he  was  not  enough  of  a  “salesman.” 

But  most  important  of  all,  Tesla 
did  not  commit  to  writing  many  of 
his  thoughts  and  dreams  for  in¬ 
vestigations  that  he  planned  to 
carry  out  “some  day.”  When  he 
died  in  1943  many  of  his  plans, 
which  could  have  been  carried  on 
by  others,  died  with  him.  It  should 
be  noted,  however,  that  all  of  his 
papers,  dealing  with  the  experi' 
ments  he  performed,  have  been  im¬ 
pounded  until  after  the  war.  There 
is  no  way  of  telling,  at  this  time. 
Ijow  much  those  notes  have  helped 
tlie  United  Nations,  if  at  ail. 

Mr.  O’Neill  was  a  friend  and  ad- 
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i^mt  inmtruns«ni 


An  accurate  signal  source  capable  of  supply* 
ing  a  wide  range  of  frequencies  and  voltages. 

Frequency  Range  20  C.P.S.  to  5  MC. 

Output  Voltage  1  mv  to  32  volts. 

Power  Output  1  watt. 


ADIO 


Cinaudagraph  Speakers  are  made 
to  take  the  tough  raps.  This  is  the 
built-in  result  of  better  manufac¬ 
turing  experience.  Look  at  the 
record  of  achievement  and  you’ll 
put  Cinaudagraph  Speakers  at  the 
top  of  your  list. 

Watch  Cinaudagraph 

Speakers  After  Victory! 
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SELECTING;TH|  iORM 
OR  SHAPE  INPDESIGNrNG 
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Elecirical  contact  are  made  in  many  furms,  depending  on  the  function  of  the  con* 
lids,  the  general  type  and  design  of  the  apparatus,  and  the  relative  cost  of  various 
contact  forms. 

Because  of  the  large  number  of  types  that  are  aNailable  it  is  nut  possible  to  list 
them  here.  However,  their  importance  in  designing  contacts  must  not  be  overlooked 
because  it  involves  the  physical  characteristics  of  the  material,  manufacturing  pro¬ 
cesses,  convenience  in  assembling,  costs  and  other  factors  that  contribute  to  a  com¬ 
pletely  successful  contact  application. 

Closely  allied  with  the  contact  construction  is  the  selection  of  shape  or  contour  of 
the  contact  surface,  for  example,  whether  flat,  spherical  or  cylindrical.  There  are  cer¬ 
tain  contact  forms  and  shapes  that  experience  has  shown  to  be  best  suited  for  some 
types  of  applications,  and  in  others  it  has  been  necessary  to  develop  a  different  combi¬ 
nation  to  meet  the  requirements  of  a  particular  application. 

The  experience  of  Gibson  Engineers  as  specialists  in  the  field  of  electrical  contacts 
is  available  to  help  you  find  an  efficient  solution  to  your  contact  problem.  Consult 
us  today. 


Gibson  Ei'ectric  Companv 

■  I  l  l  UJ.H.'B  lij  M  JL..  I  III  HIM  J  M 


*  You  Can  Wire  These 

C.T.C.  SPLIT  TERMINAL  LUGS 

from  Top  or  Bottom 


A  .050"  hole  through  the  shaft 
Permits  wiring  from  top  or  bottom 
side  of  the  terminal  board  without 
time  lost  drilling  holes.  They’re 
^mly  anchored  and  swiftly  set  by  a 
•imple  swaging  operation.  Knurling 
•t  base  of  Lug  prevents  twisting  or 
turning. 

C.T.C.  SPLIT  TERMINAL  LUGS 


are  particularly  suitable  for  manu- 
'  facturing  transformers  or  other 
potted  units  requiring  soldering 
after  potting. 

Stocked  to  fit  terminal  boards 
— custom-made  a  W 

to  your  specifica-  W  W 

tions  in  produc*  JL  JL 

tion  quantities.  J 


Write  for  C  T.  C  Catalog  No.  100 
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CAMBRIDGE  THERMIONIC  CORPORATION 

439  Concord  Avenue  •  Cambridge  38,  Moss. 
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RNE  THREAD 


Four  additional  larger  sizes  of 
CREATIVE  GROMMETS  (up 
to  Vz*  inside  diameter)  are  now 
available  to  manufacturers  and 
assemblers  of  radio,  electronic 
and  electrical  instruments. 

Here’s  a  quick  way  to  determine 
how  the  above  seven  basic  ad¬ 
vantages  of  these  100%  phenolic 
plastic  grommets  can  improve 
your  assembly.  • 

Send  for  our  new  free 
sample  card  containing 
all  eight  standard  sizes. 


(P  PLASTICS  CORP. 

978  KENT  AVE  8ROOKLVN  S,  NEW  TORK 


FINE  COmmunK aIIOnS  equipment 


worship.  It  is  logical,  therefore, 
that  he  should  write  Tesla’s  biog¬ 
raphy.  Because  of  his  experience 
as  science  editor  of  the  New  York 
Herald-Tribune  he  is  able  to  de¬ 
scribe  Tesla’s  work,  much  of  which 
was  highly  technical,  in  simple 
terms  that  anyone  can  understand. 
This  does  not  detract  from  the 
book,  however,  so  far  as  engineers 
are  concerned  because  he  has  faith¬ 
fully  kept  to  engineering  terms 
wherever  possible. 

The  excessive  enthusiasm  that 
the  author  displays  for  his  subject 
is  boring  in  spots,  particularly 
when  he  repeats  as  frequently  as 
he  does  his  defenses  and  explana¬ 
tions  of  Tesla’s  shortcomings.  On 
the  whole,  however,  the  book  is  well 
written  and  documented.  A  par¬ 
tial  list  of  Tesla’s  patents  and  an 
index  are  provided.  It  makes  good 
reading  for  any  engineer  or  stu¬ 
dent,  particularly  those  interested 
in  electronics,  because  it  is  the  life 
story  of  a  man  whose  influence  on 
our  daily  lives  will  be  evidenced  for 
centuries  to  come. — K.S.P. 
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High-F  r  equency 
Induction  Heating 

By  Frank  W.  Curtis,  Consulting  En 
gineer, 


Springfield,  MassachmetU, 
McGraw-Hill  Book  Co.,  Inc.,  Neii 
Yoi’k,  236  pages,  price  $2.75. 

Experiences  gained  from  commer¬ 
cial  induction-heating  installations 
are  the  background  from  which  the 
greater  part  of  this  book  is  written. 
Principles  and  practices,  which  are 
discussed  and  amply  illustrated  both 
by  diagrams  and  photographs  of  in* 
stallations,  cover  a  wide  variety  of 
induction  heating  applications.  The 
opportunity  that  this  presentation 
affords  the  production  engineer  to 
learn  what  has  been  proven  effec¬ 
tive  in  industrial  heating  applica¬ 
tions,  plus  the  fact  that  this  is  the 
first  book  to  be  devoted  entirely  to 
high-frequency  heating,  make  it  > 
useful  guide  both  to  designers  oi 
electronic  heating  equipment  and  t£ 
those  who  are  or  plan  to  use  suet 
apparatus. 

The  first  sixth  of  the  book,  dc 
voted  to  the  principles  of  inductloi 
heating,  unfortunately  includes  i 
number  of  statements  open  to  que* 
tion.  For  example,  it  is  explaino 
that  “Since  induction  heating  i#' 


YOUR  POST-WAR  RECEIVER 


EkBbodrlna  Om  important  adToncomonta 
brought  c^ut  by  tho  war,  tho  now  RME 
45  is  now  roady  for  thoso  who  wemt  a 
rooUy  fino  communications  rocolTor. 

Tho  RME  45  Is  tho  product  of  months  of 
painstaking  rosoorch  and  laboratory  moas- 
uromonts  sriiicb'  horo  coUaborotod  to  pro- 
dneo  a  rocolTor  that  bettors  porformonco, 
otobUity  and  oono  of  operation.  In  design¬ 
ing  the  rocoiTor,  not  a  single  component 
has  been  neglected  or  oTorlooked.  From 
the  Indireetty  Uluminoted  and  non-fotlgu- 
Ing  calibrate  scale  to  the  new  acousde- 
aliy  deelgned  speaker  housing — ^the  RME 


45  is  your  post-war  receiTorl 
The  indirectly  Uluminoted  scale  is  de¬ 
signed  for  hours  oi  non-fatiguing  opera¬ 
tion.  Like  o  Tornier,  the  sharp,  habUne 
calibrated  scale  —  white  letters  on  on 
opticaUy  black  background  —  oned>le  the 
operator  to  log  the  frequency  of  the  in¬ 
coming  signal  accurately  and  efforUeasly! 
One  control  oetiTOtes  the  bandspread  dial 
and  main  tuning  dial  simultoneoasly — to 
giro  you  true  electrical  bandspread! 

In  aU,  you  will  find  the  RME  45  a  remork- 
able  receirer— -and  weU  worth  woiting  for!* 


Now  sold  on  priority  to  essential  serrices. 
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CALL  ON  JORGENSEN  FOk  SktCIAl  MACHILi'N 


ARGON  NEON 
HELIUM  KRYPTON 
_  XENON 


Paiue  for  ■  ghroii  time  — 

tbOB 

I  ahead  for  another  iatarral, 


HEON  PILOT  LIGHTS 

EMBODY  THESE  IMPORtANT  FEATURES: 


Electricidly 

are  only  a  FEW  of  the  MANY 
actions  that  can  be  properly 
controlled  by 

Cramer  Chronometric 
Controls 


Penetrafihg  orange-red  glow  .  .  .  Long  life  .  .  .  Low  current 
consumption  . . .  Resistance  to  vibration  and  shock  . . .  Operate 
direct  on  high  voltage  circuits  .  .  .  Emit  practically  no  heat-  — 

These  advantages  of  Neon  Glow  Lamps  are  enhanced  by 
"SIGNAL”  Pilot  Light  Assemblies.  We  manufacture  a  complete 
line,  featuring  types  fitted  with  Full-View  Plastic  Heads.  Spe¬ 
cialists  in  supplying  completely  assembled  units,  housing  G.E. 
or  Westinghouse  Lamps.  Send  specifications  for  prompt  esti¬ 
mates  ond  suggestions  . . .  Write  for  Catalog. 


Tima  Delay  Relays  *  Intarral  Timers  •  Cycle 
Timers  *  Repeat  Cycle  Timers  *  Reset 
TinMts  •  Seqnence  Timers  •  Mnlti-Ceetaet 
Timers  *  Running  Time  Meters  *  Blectrenic 
Timers  •  Antomatic  Reset  Timers  •  Per* 
centaga  Timers  *  Signal  Central  Switches  * 
Contact  Making  Clocks  *  Impulse  ‘nmers 
*  Duplex  Cycle  Timers. 


ITrite  for  Technical  Bulletin  cosh¬ 
ering  subject  in  tohids  you  are 
interested. 


Wanted 

ENGINEERS 


Radio 
*Eloctrical 
Electronic 
*Mechonical 
^Factory  Planning 
Materials  Handling 
Manufacturing  Planning 

Work  in  cennnctloi  with  tbn  manufae- 
tnra  of  a  wido  vorloty  of  now  and  ad« 
voneed  fypot  of  communications  oquip* 
mont  and  spocial  oloctronic  products. 

Apply  lor  writol,  giving 
fall  quaflflcatlons,  to; 

R.LD.,  EMPLOYMENT  DEPT. 

Wdstmt  Electric  Co. 

100  CENTRAL  AV..  KEARNY.  llJ. 
*Also:  C.A.L 

Locust  St.,  Havorbill,  Mass. 

Applicaats  aunt  comply  wHh  WMC  rogclotioat 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 

HIGH18T  QUAUnCS  •  AMYQUAJITITTj 
DCUVmD  AMTWHm  I 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 

operation"  .  .  . 


electronics  — May  IMS 


Wholesale  Distributors 

R&DIO-EIECTRONIC  SUPPIIES  &  PARTS 
1  7  Union  Square 

NEW  YORK  3,  N.  Y. 

4  8/12  3-4  5  6-7 


Phones  Algonquin 


process  by  which  the  temperature 
of  a  metal  part  is  raised  by  electri¬ 
cal  generation  of  heat  within  the 
material,  the  part  being  heated  is  in 
no  way  a  part  of  any  closed  electri¬ 
cal  circuit.” 

For  those  production  engineers 
and  others  not  familiar  with  elec¬ 
tricity  and  electronics  who  are 
taking  up  the  application  of  high- 
frequency  fields  to  their  heating 
problems,  considerable  more  infor¬ 
mation  on  principles  of  electronic 
heating  will  be  required  than  is 
given  in  the  short  first  chapter  of 
this  book. 

Techniques 

The  greater  part  of  the  book  dis¬ 
cusses  the  effect  of  the  applicator 
coil  shape  on  the  area  to  which  heat 
is  applied.  Diagrams  illustrate  the 
degree  and  penetration  of  heat  pro¬ 
duced  by  numerous  coil  contours 
and  show  how  the  coil  can-  be  de¬ 
signed  to  do  the  job  at  hand. 

Methods  of  brazing  various 
shapes  are  described  and  consider¬ 
able  attention  is  given  to  the  tech¬ 
nique  of  brazing  carbide  tools. 
Soldering  techniques  are  also  illus¬ 
trated.  Hardening  is  covered  with 
special  attention  to  zonal  harden¬ 
ing,  and  setups  for  hardening  com¬ 
plex  shapes  such  as  gears  are  dis¬ 
cussed.  Semi-automatic  equipment 
is  described. 

j  Applications 

.  In  a  chapter  devoted  to  fixtures 
\  for  use  in  hardening  setups,  meth- 
I  ods  of  handling  the  work  and  types 
!  and  requirements  of  continuous  and  | 
automatic  fixtures  are  described. 
The  following  chapter  describes 
I  several  miscellaneous  industrial- 
j  heating  applications  which  illus¬ 
trate  how  widely  induction  heating 
can  be  applied  if  used  with  inge¬ 
nuity.  For  example,  one  special  de¬ 
vice  uses  a  phototube  to  determine 
I  when  the  work  has  reached  the 
proper  temperature  by  monitoring 
its  color.  Power  to  the  high-fre¬ 
quency  generator  is  turned  ofiF  at 
the  proper  time  by  the  phototube 
unit. 

The  book  concludes  with  a  chap- 
I  ter  on  special  considerations  neces¬ 
sary  in  the  design  of  parts  to  be 
heat-treated  by  high-frequency  in¬ 
duction,  and  a  chapter  that  points 
f  out  the  saving  in  time,  type  of  ap¬ 
plications  most  suitable  for,  and 
the  packaged  equipment  available 
for  dielectric  heating.— F.R. 
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•  Try  DALIS  "^NOW-HOW"  to 
avoid  those  expedithig  headaches. 
Here's  an  outstanding  stock  oi 
radio-electronic  ports,  materials, 
equipment — at  your  call! 

And  DALIS  has  the  well-trained 
organization,  long  experience  and 
exceptional  factory  connections 
that  deliver  hard-to-get  items  in  a 
hurry.  A  dependable  source  oi 
supply  since  1925.  An  indispensa- 


Strwam-linwd,  ar«a-aavlng  com- 
pactnoss  —  without  aocrifleo  of 
*oporating  oflicioncy  and  dopond- 
abllitywill  undowbtodly  bo  a 
primo  factor  in  tho  futwro  do- 
signing  trond. 

IN-RiS-CO  typo  U  roaiatora  will 
tnoot  tho  nood  for  a  compact 
unit  that  can  bo  atackod  aa  illwa- 
trotod  to  crooto  a  amall  tappod 
multipllor  In  toat  aota,  motora, 
docadoa,  bridgoa  and  aimilar 
•xocting  apocificatlona.  ’ 
Inductivo,  with  standard  tolor- 
•ncoa  of  Va%/  typo  LL  has  Va 
watt  rating,  and  mooawroa  only 
high  and  */%'  in  diamotor. 
A  typical  oxampio  of  IN-RIS-CO 
onginooring.  In  which  immunity 
to  moiaturo,  hoot,  vibredion  and 
othor  aporotlng  hindrancoa  has 
boon  doaignod-in  at  tho  bluo- 
prlnt  photo. 

Writo  on  company  lottorhood 
for  tho  now  18-pago  certaiog; 
fhoro  la  no  obligation. 


ELECTRONICS 


Your  every  requirement  of  quality  tube 
caps,  insulated  or  not,  supplied  with  leads 
to  your  specifications  for  every  voltage 
requirement.  Many  made  special,  such  as 
containing  resistors  to  suppress  oscillation, 
with  tools  for  hundreds  of  different  mold¬ 
ings,  stampings  and  all  types  of  wire 
to  draw  from. 

WHITE  EOE  THE 

ALDEN  "BLUE-BOOK" 

Of  ELECTRICAL  COMfONfNTS 


ALDEN  PRODUCTS  COMPANY 

IROCKTON  (64E)  MAS 


!  •*  ft  TTr*’ 
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ized."Kniie-switch" 
Socket  contacts 
P-306-CCT  axe  of  phosphor 
bronze,  cadmium 
plated.  Bor  type 
Plug  contacts  ore 
oi  brass,  silver 
plated. 

Inaulcitlon  is  of  BM  120  moldod  BokoUto. 
Cops  cos  of  metal  with  formed  fibre  lin¬ 
ings.  Mode  in  2  to  33  contacts.  Although 
designed  for  45  volts  ot  5  amperes,  these 
Plugs  ond  Sockets  con  be  used  ot  higher 
rotings  where  circuit  chorocterlstlcs  per- 
silt.  2  contact  round,  others  rectongulor. 
For  additional  information  write  todoy  for 
cotolog  No.  14  showing  complete  line  of 
Elrctrlcal  Connecting  Devices. 


6-7  IlHotuflRD  B.  Jones  company 

i2d60  UU  G€0RG€  ST.  CHICfIGO  16 
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Writ*  today  for  now 
trontformor  catalog. 


Bottor  quality  control — factor  production — cpoodior  dolivory 
of  wMo  rongo  audio  trontformorc  uaing  high  pormoobility 
nkkol  alloy  laminations  and  shields.  That's  what  tho  now  2S 
KW  oloctric  annealing  furnoco  now  in  oporotion  at  foorloss 
moons  to  you.  Tho  plant  indudos  comploto  hydrogen  gas  dry¬ 
ing  and  purifying  oquipmont.  An  important  contribution  to 
today's  war  production  and  of  groat  bonofit  to  post-war  radio 
manufacturers  of  fM,tolovision  and  goophysical  oquipmont. 
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JONES  300  SERIES 
PLUGS  and  SOCKETS 


rn  SPECIAL  PURPOSE 
Electronic  and  Mechanical 

TEST  EQUIPMENT 

For  aircraft  electrical  and  mechanical  instruments  . .  .  air¬ 
craft  controls,  radar,  meteorological  stations,  and  similar 
devices.  Built  to  specifications  and  designs.  Inquiry 
invited. 

NORTHERN  COMMUNICATIONS  MANUFACTURING  CO. 

210  EAST  40th  STREET  NEW  YORK  16,  N.  Y. 

Manufacturert  of  Tran»former$  •  Special  CoU$  •  Reaetor$  •  Sound  Syttenu 
Recorders  •  Equalizers  •  Full  Range  Phonograph  •  Coaxial  Transmission  Unes 


PERMBNEIIT  MAGNETS 

All  Shapes — All  Sizes — for  All  Perpeses 

COBALT-CHROME-TUNGSTEN 

Sfamped,  formed  and  east 

A  I  /  Cocf  er  Sfefarad  \ 

AlniCO  UedaraAL/eae.aj 

Also:  Laminations  for  Radio  Transformers  ' 

TOOLS-DIES-STAMPINGS 

Haaf  Traeting  af  Matels  end  Alley* 

THOMAS  &  SKINNER  ’^"eoMPANr"* 


111*  BAST  23RD  STRUT 


INDIANAPOLIS  8,  INDIANA 
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AUTOFLIGHT 


Backtalk 


^  A  MBCESSARY  FEATURB  OF  THE 
X 9RAYHILL  ROTO  TAP  SWITCH  IS  THE  SOLIdK 
/ SHAFT  WITH  THE  BAKEUTE  DRIVING  HUB  MOLDElA 
TO  THE  METAL  SHAFT.  THE  SOLID  CONSTRUCTION/ 
WITHOUT  UNIVERSAL  JOINTS  BETWEEN  DECKS, 
ASSURES  PROPER  AUGNMENT  OF  THE  ROTOR 
TO  THE  CONTACT,  REGARDLESS  OF  THE  J 
i  NUMBER  OF  SECTIONS  OR  POLES.  / 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published 


Credit  Where  Due 

Dear  Sirs: 

The  Article,  Electronic  Control  of 
X-Ray  Exposure  Time,  appearing 
on  page  146  of  the  January  issue 
of  Electronics  is  of  interest  be¬ 
cause  it  duplicates,  in  considerable 
detail,  a  similar  article  appearing 
in  Electronics  for  July  1943.  . . . 
I  feel  that  I  should  recall  to  your 
attention  that  the  work  described 
was  done  at  the  University  of  Chi¬ 
cago.  As  a  matter  of  fact,  the  West- 
inghouse  model  shown  on  page  146 
was  copied  almost  directly  from  a 
model  supplied  to  them  by  the  Uni¬ 
versity  of  Chicago.  The  University 
did  this  in  an  effort  to  stimulate 
commercial  production  of  the  de¬ 
vice  at  a  time  when  it  was  needed 
in  the  war  effort. 

Russell  H.  Morgan 

Radiology  Seethn 
Tuberculosis  Control  Division 
U.  8.  Public  Health  8ervk> 
Washington,  D.  C. 


5  North  Pulaski  Road,  Chicago  24,  Illinois 


HIGH  SENSITIVITY  RESISTORS 
ments  :  Recording  Systems 


AUTOFLIGHT  High  S^naitiTity  RMiators, 
th«  first  oi  thsir  kind  STsr  built  in  ths 
Unitsd  Statss,  hoTS  bssn  dssiqnsd  to  pro¬ 
duce  irom  a  low  torque  rotononol  moTe- 
ment  a  Turiable  electric  resistance.  These 
resistors  can  be  connected  direcUy  to  sensi- 
tire  low  torque  opparatus  such  as  air¬ 
craft  Flight  Test  recording  instruments, 
and  wUl  operate  relays  or  recording  sys¬ 
tems  without  the  use  of  omplifiers.  ond 
from  a  simple  D.  C.  source.  They  are  par¬ 
ticularly  useful  in  laboratory  or  industriol 
applications  where  photo-electric  ceU  and 
amplifiers  were  heretofore  required. 

Obtoinable  in  Yorious  types  irom  100  to 
ISOO  ohms,  and  irom  4  to  IS  watts,  AUTO¬ 
FLIGHT  resistors  require  but  2  gram  milli¬ 
meters  input  torque  to  overcome  friction. 
This  low  value  is  secured  by  use  oi  o 
iewel  supported  shoft.  the  contoct  mech¬ 
anism  being  made  with  the  accuracy  of  a 
fine  watch.  The  accuracy  of  AUTOn.IGHT 
High  Sensitivity  Resistors  mokes  them  an 
outstonding  product  in  their  line. 

AUTOFLIGHT'S  engineers  a^  technicol 
advisors  will  gladly  cooperate  with  you  on 
specific  problems  embodying  High  Sensi¬ 
tivity  Resistors.  Write  G.  M.  Gionnini  & 
Company.  Inc.,  ISl  E.  California  Street, 
Pasadena,  Calif.,  U.  S.  A. 


The  article  by  Mr.  Pacini  on 
Cathode  Follower  Calculations, 
appearing  on  page  137  of  Elec¬ 
tronics,  October,  gives  a  value  for 
the  output  impedance  of  a  cathode 
follower  which  I  believe  is  in  error. 

In  determining  the  impedance  by 
assuming  the  cathode  to  be  driven 
by  a  generator  we  must  divide  the 
voltage  drop  across  the  cathode  by 
the  current  furnished  to  it  from  the 
external  generator.  This  is  equiv¬ 
alent  to  Mr.  Pacini's  analysis  only 
if  the  Ri  of  his  Eq.  (3)  is  equal  to 
zero, 


The  equations  with  their  so¬ 
lution  are  then  as  follows: 

Rtli  —  RJs  ^  El  —  RsJi  (fit  +  Rp! 

_  _  /r _ r  \  D  _  1*  “j*  1  _ t 


-  gm  +  ^  ^ 

The  quantity  It/Et  is  the  value  of 
th4  conductance  offered  by  the  cath¬ 
ode  to  the  external  generator  of 


ELECTRONICS 


TERMINALS 

I  for 

I  ELECTRIC 

I  WIRES 

I  Condenser  Plates 
I  Small  Metal  Stampings 
I  in  accordance  with 
I  Customer’s  Prints 

I  A 

I  ACCURACY 

I  PRECISION 

I  REASONABLE 

I  DIE  CHARGES 

i  ▼ 

I  Modern  Equipment 

I  and  Factory 

I  NO  SCREW  MACHINE  PARTS 

I  PAnON-MACGUYER 

I  Company 

s  17  VIRGINIA  AVE. 

I  PROVIDENCE,  R.  I. 
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1  OUT  OF  6  ADULTS 
DIES  OF 

CANCER 

YOD  MAY  BE  THE  ONE 

^GIVEP 


Eminent  scientists  lack  funds  for 
experiment .  . .  cancer  clinics  are 
starved  for  equipment . .  .  money 
is  needed  to  care  for  advimced 
cases. 

Five  million  dollars  a  year  might 
cut  the  deaths  from  cancer.  Might 
save  you,  one  dear  to  you.  Yet 
Americans  give  less  than  one 
million  dollars.  Do  your  part! 
Send  us  anything  from  10<  to 
$1,000.  Every  hit  helps! 

// you  an  a  nsident  oftbt  Hot- 
npolitau  area  of  New  York, 
undyour  contribution  to  New 
Yoric  Gty  Cancer  (^ounittee, 

130  E.  66th  S^,  N.  Y.  2  l,N.  Y. 

AMERICAN  CANCER  SOCIETY 

350  Fifth  Avenue,  N.Y.  17  N.Y. 


WATERTIGHT 


'‘T 

-  ^ 

PANEL  MOUNTING 

PLUGS  AND  RECEPTACLES 
VIBRATION-PROOF  ASSEMBLIES 

For  locknut  or  bolted  style  mounting  to  panels  1/16" 
to  5/8"  thick.  Precision  built  housings  —  light  weight, 
ample  wiring  space. 

Contacts  fully  machined,  self  wiping  and  free  floating. 
All  terminals  identifed.  Polarized,  grounded  and 
shielded. 

Interior  moulded  bakelite.  Moulded  rubber  gaskets  on 
watertight  style. 

Thousands  in  use  for  vital  war  service. 

Since  1 902  Please  address 

Dept.  No.  H 


EVERLOK 

AUTOMATIC 

LOCKING 


FOR 

PORTABLE  SOUND 
AND  SIGNAL  SYSTEMS 
2  lo  12  POLE 


FOR 

POWER 

10  lo  200  AMP. 
2,  3  &  4  POLE 


RUSSELL  &  STOLL  COMPANY 

EXPLOSION-PROOF,  WATER  t|GHT,  INDUSTRIAL  LIGHTING  FIXTUPIS 
AND  EQUIPMENT.  AUTOMATIC  LOCKING  "EVER  LOK"  CONNECTORS 

125  BARCLAY  STREET  •  NEW  YORK  7,  N.  Y. 
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There  is  a  SUPERIOR 

BRUSH  GRADE  for  Every  Need 


iil’  There  can't  be,  because  new 
needs  are  euising  every  day,  and 
research  must  fill  them.  The  Super¬ 
ior  Research  Department  places 
its  25-year  experience  at  your  disposal. 


SUPERIOR  CARRON  PRODUCTS,  UfC. 

•117  Omcm  Avmm  CUVELAMD  I,  QUO 


SUPERIOR 


CARBON 

BRUSHES 
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HoGRAW’HILL 

DIRECT  MAIL  LIST  SERVICE 


If  You  Are  Having  Difficulty 
Maintaining  Your  Mailing  Usb... 

Probably  no  oYhar  erganiiatlon  it  as  wall  aquipoad  at 
McGraw.HIII  to  tolva  tha  cofnplicatad  problam  of  litt 
maintananca  during  thit  pariod  of  unparailalad  cliango 
In  Induttrial  partonnal. 

Mceraw-HIII  Mailing  Uttt  covar  mott  malar  Indut- 
frlat.  Thay  ara  eomptlad  from  aiclutlvo  tourcot,  and 
ara  batad  on  hundradt  of  fboutandt  of  mail  qii^lon- 
nairat  and  tha  raportt  of  a  natlon-wida  Raid  staff.  All 
namat  ara  guarantaad  accurata  within  2%. 

Whan  planning  your  diract  mall  advartltlng  and  talat 
promotion,  contldor  thIt  uniqua  and  aconomlcal  tarvica 
(n  ralatlon  to  your  product.  Dotailt  on  raqnott. 

McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

330  Wast  42nd  Streaf  Naw  York.  It.'  Naw  York 
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zero  internal  resistance  and  the 
reciprocal  of  this  quantity  is  the  in¬ 
ternal  resistance  of  the  cathode 
follower  considered  as  a  generator, 
or,  in  other  words,  its  output  im¬ 
pedance.  It  is  immaterial  that  this 
impedance  is  determined  in  part 
by  the  ohmic  value  of  the  cathode 
resistor  and  in  part  by  feedback. 

This  same  expression  for  the  out¬ 
put  impedance  can  be  obtained  in 
an  alternative  manner  by  solving 
for  the  value  of  load  resistor  which, 
shunted  across  the  cathode  resistor, 
will  reduce  the  gain  to  one  half  of 
the  unloaded  value.  Let  the  gain 
of  the  unloaded  cathode  follower  be 


A  - 


Rp/Rk  4*  M  +  1 
in  which  R,  is  plate  resistance  and 
Ru  is  cathode  resistance. 

When  the  load  Rl  is  shunted 
across  R^  the  effective  cathode  re¬ 
sistor  becomes 

"  fi*  -I-  Rl 

The  gain  A'  with  the  new  value  of 
cathode  resistor  R/  will  be 


Rp/Rk'  +  M  +  1 

_ M _ ^ 

“  2  +  M +  !)«*' 

-  ^  4- -4- A  J_  »  ±  _  1 
Rk^  Rp'^  Rp  Rl  Rk'  Rk 

R^'rgm-\-  Rp 

Since  the  internal  resistance  of  a 
generator  is  by  definition  equal  to 
the  load  resistance  that  would  re¬ 
duce  the  output  voltage  to  one  half, 
it  is  seen  that  the  output  impedance 
is 

^ _ 1 

•  9m  +  l/Rp  +  1/B* 

It  is  important  to  note  when  ap¬ 
plying  these  equations  that  the 
values  of  g,^  and  R,  will  in  general 
be  different  from  the  handbook  fig¬ 
ures  since  they  both  depend  on  the 
static  plate  current  and  this  is  often 
less  than  the  value  assumed  by  the 
manufacturer. 

Russell  N.  Skeeteks 

California  Institute  of  Technology, 
Pasadena,  Calif. 

Dear  Mr.  Skeeters: 

The  difference  in  the  value  of 
the  output  impedance  of  the  cath¬ 
ode  follower  according  to  your  de¬ 
rivations  and  mine  are  negligible, 
in  the  order  of  5  percent  or  less,  if 
the  assumption  is  made  (as  I  did, 
between  equations  7  &  8)  that  the 
amplification  factor  of  the  tube  is 
{Continued  on  page  406) 
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9  SEARCHLIGHT  SECTION 


ENGINEERS 


Medium-sized,  progressive, 
Midwest  manufacturer  has 
openings  for  one  senior  and 
two  junior  engineers.  Desire 
men  for  work  on  military 
projects  now  who  will  be 
adaptable  later  to  postwar  en¬ 
gineering.  Prefer  men  with 
experience  in  radio  receiver  or 
television  laboratory,  and 
with  college  education  in  com¬ 
munication  engineering. 

Our  staflF  knows  of  this  adver¬ 
tisement. 

P-798.  EI«ctronict 

S20  No.  Michigon  Ava.,  Chicago  II,  III. 


WANTED 

SENIOR 

DEVELOPMENT  ENGINEER 

Lorg*  mid-wMt  monufoctiuar,  now  m- 
cluaiToly  on  war  radio  and  radar  work, 
has  immodioto  openings  lor  post-wor 
radio  and  tolovlsion  devoiopmont  lor 
Ihraa  senior  radio  protect  engineers, 
two  mechonieed  engineers  and  one  en- 
Olneer  on  spedfications  ond  stemdards. 
Conlidential  inquiries  ‘  respected.  Write 
P-SIS.  Blactronica 

620  N.  Mlchlsan  Ava.,  Chicaso  11,  III. 
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For 

Electronics  or  Radio 
Engineers 

Larga  waU-astabUshad  orgemisertioa  lo- 
^ad  in  Naw  York  Qty  wants  grodnota 
Eaginaars  with  thraa  or  mora  yaars  ax- 
parianca  in 

ELECTRONICS 

RADIO 

RADAR 

SYNCHRO-MECHANISM 

Pw  Praaant  and  Post-War  rasaareh  and 
^aiopmant  on  a  lorga  voriaty  of  alae- 
prodnels.  Oira  ns,  in  full  confi- 
MBca,  yonr  adneotlon,  rasume  of  expari- 
*'wa,  and  pkotogroph. 

P-S21,  Electronics 

330  West  42nd  St.  New  York  IS,  N,  Y. 


An  unusual  opportunity  to  undertake  engi¬ 
neering  activities  in  design  and  development 
of  ultra-high  frequency  electronic  products. 


Prior  to  the  war,  thb  Corporation  was  among  the  lead¬ 
ing  producers  of  Electronic  equipment  for  Industrial 
application. 

Now  engaged  as  Prime  Contractors  on  urgent  War  Con¬ 
tracts,  involving  interesting  research  and  development. 
We  need  engineers  with  experience  in  designing  and  engi¬ 
neering  VHF-UHF  Electronic  products,  and  with  ambition. 

Large  projects  in  the  field  of  Ultra-high  Frequency 
and  advanced  Electronic  applications  are  scheduled  to 
follow  in  the  post-war  period,  insuring  security  and  fine 
environments  to  all  our  co-workers. 

Write  to  L.  R.  Ripley,  President,  explaining  your  ex¬ 
perience  in  detail.  Your  communication  will  be  treated 
in  complete  confidence  and  no  further  investigation  will 
be  made  without  your  express  permission. 

United  Cinephone  Corporation 

Torrington,  Connecticut 


WANTED 

PHYSICIST 

AND  ELECTRICAL  ENGINEER 

PhyiicUt  to  suparris*  industrial  and 
iundomental  rasaareh  in  acoustics.  PhJ). 
with  Industriol  axparianca  pralarrad. 
Also  Elactrical  Enginaar  or  Enginaaring 
Physicist  lor  rasaareh  position  in  lunda- 
mantal  and  appliad  alactronics.  Soma 
industrial  axparianca  pralarrad.  Essan- 
tial  work  with  axcallant  posiwor  pros- 
pacts.  Writa 

Arioir  Research  Fouidation 

33  Wast  33rd  St.,  Chicago  14.  illloolt 


WANTED 

RESEARCH  ENGINEERS 

Prominent  radio  and  electron¬ 
ics  mcmuiacturer  located  in 
Midwest  has  immediate  open¬ 
ings  lor  three  research  men 
preferably  with  engineering 
backgroimd,  on  post-war  prob¬ 
lems  in  electrical  and  elec¬ 
tronic  fields.  Confidential  in¬ 
quiries  respected. 

P-81S,  Electronic* 

620  N.  Michigan  Ave.,  Chicago  11,  III. 


WANTED!! 

By  Larre  Easters  Transforaer  Maaifaetorer 


G  EXECUTIVE  ELECTRICAL  ENGI¬ 
NEER  Expariancad  In  tha '  tolag  and 
monuiaciura  oi  magnatic  componants 
lor  Fluorascant  and  Cold  Cathoda 
Lighting. 

G  ELECTRICAL  ENGINEER  Export- 
oncad  with  tha  dasign  ol  Ballost  and 
Cold  Cathoda  Tronslormars. 


G  EXECUTIVE  ELECTRICAL  ENGI¬ 
NEER  Expariancad  in  tha  solas  and 
monuiaciura  oi  Tronslormars  utilixad 
for  tha  Radio  RocalTing  Sat  Industry. 

•  ELECTRICAL  ENGINEER  Expari- 
ancod  in  tha  dasign  ol  Translormsrs 
and  raactors  lor  tha  Radio  Racoiving 
Sat  Industry. 


Thasa  poaitions  ora  parmanant,  ollaring  axcallant 
•  Post-War  opportunitiaa  in  o  lorty-yaar  old  trans- 
formar  monulacturing  company.  Addrass  rapliaa  to 

Box  No.  P-823,  Electronica,  330  West  42nd  St.,  New  York  18,  N.  Y. 
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parts 


STAMFORD  METAL  SPECIALTY  CO.,  428  BROADWAY,  N.  Y.  13 


{Continued  from  page  400) 
much  greater  than  one.  In  all  of 
my  engineering  design  in  the  past 
I  have  never  attempted  to  use  a 
tube  with  a  /t  of  less  than  20  as  a 
cathode  follower,  because  it  would 
lead  to  too  high  an  output  imped¬ 
ance.  I  am  sure  that  you  will  agree 
with  me  that  the  cathode  follower 
is  used  primarily  as  a  low  imped¬ 
ance  source. 

Equation  6  gives  the  value  of  the 
driving  point  impedance  that  the 
generator  emf  sees  looking  into  the 
network.  Equation  6  is  the  output 
impedance,  obtained  by  subtracting 
Ri  from  Zi’,  and  you  may  well  see 
that  it  is  the  same  as  your  end  re¬ 
sult  except  for  the  difference  men¬ 
tioned  above.  The  generator  could 
have  been  assumed  to  have  zero  in¬ 
ternal  impedance,  but  I  chose  to 
make  the  derivation  more  general 
by  stating  that  the  network  be 
driven  by  a  generator  with  internal 
impedance. 

It  is  useless  to  calculate  vacuum 
tube  behavior  to  better  than  6  per¬ 
cent  because  of  the  tolerances  al¬ 
lowed  by  the  manufacturers  on  the 
characteristics;  and  the  character¬ 
istics  do  vary  considerably,  as  you 
mentioned,  because  of  the  operat¬ 
ing  point. 

Thank  you  for  your  interest  in 
the  article.  I  trust  that  I  have 
clarified  the  point  in  question. 

HuMBEStT  P.  Pacini 

Aibury  Park,  N.  J. 

Dear  Mr.  Pacini: 

The  point  which  I  wished  to  make 
was  simply  that  in  neglecting  the 
plate  conductance  (by  substituting 
fi  for  [I  plus  one)  and  the  conduc^ 
ance  of  the  cathode  resistor  we  are 
needlessly  sacrificing  precision  of 
analysis.  It  is  customary,  as  yoa 
say,  to  neglect  the  difference  be¬ 
tween  IX  and  IX  plus  one  in  cathode 
follower  calculations  but  I  do  not 
believe  we  should  also  throw  out  the 
effect  of  the  cathode  resistor  and 
say  that  the  output  impedance  is 
the  reciprocal  of  the  transconduct¬ 
ance.  This  can  easily  lead  to  an  ad¬ 
ditional  5  percent  error. 

Since  the  analysis  is  not  appre¬ 
ciably  simplified  by  these  approxi¬ 
mations  why  not  take  the  precise 
expressions  for  amplification  and 
output  impedance  ^  guides  fpr 
sigh?  We  can  Jr^glect^  the  iriihoi’ 
terms  if  we  want  but  ^t-  least^  we 
will  know  what  we  are  neglecting. 

Russell!K.  Skeetbiw 

Pasadena  4,  Cali/arnfa 


Non-Corrosive 


Non-Mognetic 


Extraordinary  long  range  benefits  accrue  from  PERMOPIVOT 
installation:  Accurate  performance  of  precision  instruments — 
1-o-n-g-e-r!  .  .  .  Ask  for  descriptive  literature. 
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BUY  BONDS  .  .  .  7th  War  Loan 


AMPEREX  235-R 


R.  r.  POWER  AMPLIFIER  AND  OSCILLATOR 


The  AMPEREX  235>R  is  a  forced-air  cooled  triode,  parficularly  well  suited  for  high-frequency 
industrial  use.  Characteristics  of  the  grid  have  been  given  especial  attention  so  that  operation 
to  full  output  may  be  obtained  at  comparatively  low  plate  voltages.  This  is  an  advantage 
which  should  merit  the  interest  of  industrial  equipment  designers  now  working  on  postwar  prod¬ 
ucts.  Built  into  the  235-R,  of  course,  are  those  notable  "Amperextras"  which  give  Amperex 
tubes  peak  performance  over  a  greater  period  of  working  life. 


GENERAL  CHARACTERISTICS 


14.5-15.0  Voitt 
39.0  Amparat 
.._.14.0 


Direct  Interelectrede  Capacitance  (approximate) 
Grid  to  Plate _ _ _ 


Grid  to  Filament. 
Plate  to  Filament. 


-  ro-M/if 
.iO.O-fi/tf 


Write  tor  Additional  tntormation 


NOTE:  The  more  popular  types 
of  Amperex  tubes  are  now 
available  through  leading  radio 
distributors. 


mnPEREX  EiEiiRonii  coRPomiTion 


7f  WASHINGTON  STREET . RROOKLYN  1.  N.  V. 

Expert  Division:  13  E.  40tli  St..  New  Yerfc  U,  N.  Y..  Cables:  *‘Arlab‘* 


AI 


AI 


Ml 


C< 


CROSi 

INDUS 

TUBES 


nuh 

ton — 


H.  W. 
DISTI 


blectron  ics 


JUNE 


BETATRON  . . . . O 

Prof.  E.  E.  Dreese  of  Ohio  State  examines  the  accelerating  unit  of  the  Be+atron  described  in  this  issue  ' 

ELECTRONIC  WELDING  OF  GLASS,  by  E.  M.  Guyer . .....'. . 

Localized  heating  without  destructive  surface-boiling  is  accomplished  with  the  aid  of  high-frequency;  guns 

U-H-F  IMPEDANCE  MEASUREMENTS,  by  N.  Marchand  and  R.  Chapman . . . 

Using  special  probes,  impedance  measurements  can  be  made  with  low-power  laboratory  equipment 

A  PRETUNED  TURNSTILE  ANTENNA,  by  George  H.  Brown  and  I.  Epstein . 

Description  of  a  unit  that  can  be  adjusted  before  being  erected 

MOVINGnCOn,  PICKUP  DESIGN,  by  Theodore  Lindenberg,  Jr . 

Description  of  dynamic  pickup  whose  resonance  peaks  are  beyond  the  usual  audio  range 

ELECTRONIC  SALES  ^GINEERING,  by  S.  S.  Egert . 

Young  men,  with  technical  as  well  as  sales  training,  are  the  key  to  the  industrial  market 

PREDIMENSIONING  QUARTZ  CRYSTAL  PLATES,  by  B.  P.  Haines,  C.  D.'  O'Neal  and  S.  A. 
Robinson . . . 

New  mass-production  method  keeps  temperature-cycling  rejects  below  2  percent  ^ 

AUDIO  MIXER  DESIGN,  by  Richard  W.  Crone . .A . 

Various  types  of  high  and  low-impedance  mixer  circuits  for  audio  amplifiers  \ 

INDUSTRIAL  RADIOGRAPIH’,  by  Wayne  T.  Sproull . 

Practical  instructions  for  inspecting  welds,  castings,  and  finished  products  with  x-i^ys  or  radium 

THE  BETATRON,  by  Theodore  J.  Wang . . . .  . 

.  Comprehensive  survey  of  induction  electron  accelerators,  with  basic  design  equatiorn 

ARTinCIAL  DELAY-LINE  DESIGN,  by  J.  B.  Trevor,  Jr .  . . 

Chart  simplifies  design  of  artificial  line  for  signal  delay 

AIR  TERMINAL  SOUND  SYSTEM,  by  WUHom  W.  Brockway  and  Don  C.  Brockway. ! . 

^  West  Coast  system  features  speech  compression  and  flexibility  by  using  multiple  amplifiers  i 

MEASURING  R-F  POWER  WITH  THREE  AMMETERS,  by  J.  L.  Hollis .  . 

Chart  speeds  conversion  of  r-f  ammeter  readings  into  r-f  resistance,,  reactance  and  power  of  load  ' 

COMPUTING  MUTUAL  ^UCTANCES,  by  Michael  J.  DiToro . .' . 

Chart  simplifies  computation  of  M  for  coaxial  circular  coi|s  to  a  slnTpLo»(Tiultlplication  » 
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